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AlISTKACT 

Renal  calcification  was  i)ro(lucc(l  in  mice  by  the  administration  of  i)ara- 
thyroid  extract  or  10%  calcium  gluconate.  The  i)attern  of  renal  calcification 
produced  by  parathyroid  extract  differed  from  that  produced  by  calcium 
gluconate  in  four  respc'cts:  (1)  ('alcified  and  (2)  necrotic  renal  tubular  epi¬ 
thelial  cells  formed  the  background  for  most  of  the  calcification.  This  was  -s('en 
especially  at  the  corticomedlillary  junction.  In  addition,  there  was  (3)  depletion 
of  alkaline  phosphatase*  activity  and  (4)  thickening  of  the  renal  tubular  base¬ 
ment  membranes  in  the  affected  areas.  The  last  two  alterations  are  considt'red 
to  be  nonspecific  and  secondary  to  the  lU'crosis  of  ri'iial  tubular  epitlu'lial  cells. 

It  is  suggested  that  parathyroid  <‘xtract  has  a  direct  effect  on  renal  tubular 
epithelium  and  that  the  calcification  is  not  related  either  to  the  hypercalcemia 
l)roduced  by  j)arathyroid  extract  or  tin*  action  of  iiarathyroid  extract  on  renal 
tubular  ba.sement  membrane.  In  arldition,  we  found  no  evidence  to  support  the 
hypotlu'sis  that  polysaccharide  delivered  to  the  kidney  as  the  result  j)f  tin* 
action  of  the  jjarathyroid  extract  elsewln're  in  the  body,  was  altered  so  that  it 
becomes  calcifiable. 

Tm^  admini.stration  of  excess  (juantities  of  parathyroid  extract 
(P.T.E.)  results  in  widespread  calcification  (1).  Calcification  produced 
hy  P.T.E.  is  generally  classified  as  metastatic  calcification  and  is  defined  as 
the  deposit  of  calcium  .salts  in  otherwise  normal  tissue.  Classically,  it  is 
'lilTerentiated  from  dystrophic  calcification  which  is  said  to  occur  in  dead  or 
•  lamaged  tis.sue  (2). 

It  has  been  assumed  that  P.T.lv  produces  calcification  .solely  because  of 
its  ability  to  rai.se  the  serum  calcium  to  a  level  at  which  calcium  salts  can  no 
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longer  remain  in  solution  and  precipitate  on  normal  tissue.  If  this  is  the 
mechanism  of  metastatic  calcification,  renal  calcification  produced  by 
P.T.K.  should  l)e  identical  to  renal  calcification  produced  by  calcium 
gluconate  administration. 

I'higel  (3)  was  among  the  first  to  present  evidence  that  P.T.hh  depoly- 
merizestlie  polysaccharide  ground  substance  of  bone  causing  the  release  of 
calcium  salts  from  bone  and  raising  the  level  of  calcium  in  the  l)lood  serum 
secondarily.  Subseciuent  investigators  have  attempted  to  elucidate  the 
relationship  between  P.T.IO.  and  polysaccharide  metabolism,  especially  as 
related  to  renal  calcification.  Baker,  cf  al.  (4)  demonstrate<l  that  serum  cal¬ 
cium  levels  elevated  to  13  -14  mg.%  by  calcium  or  P.T.hh  administration 
produced  calcification  only  in  the  latter  case.  Further,  the  modification  of 
polysaccharide  metabolism  by  unilateral  nephrectomy  or  toluifline  blue 
administratioTi  was  shown  to  enliance  renal  calcification  in  rats  given 
P.T.K.  Baker  and  Sison  (.5)  presented  evidence  that  prior  change  in  poly¬ 
saccharide  ground  substance  of  the  renal  tubular  basement  membrane  was 
a  prerecpiisite  for  calcification.  (Jrimes  (b)  believed  that  polysaccharide 
from  bone  was  acted  upon  by  renal  tubular  enzymase  to  produce  further 
degradation  of  the  polysaccharide  molecules.  He  theorized  that  the  poly¬ 
saccharide  then  became  capable  of  combining  with  calcium  ions  and  was 
released  from  the  epithelial  cells  to  produce  calcified  casts. 

During  the  course  of  investigation  of  the  hypothesis  that  P.T.IO.  has  an 
affect  on  the  polysaccharide  of  connective  tissue  in  all  organs  we  accumu¬ 
lated  evidence  thst  the  renal  lesion  produced  hy  P.T.hk  is  different  from 
that  produced  by  calcium  gluconate  and  that  the  pathogenesis  of  the  renal 
lesion  is  different  from  the  concepts  of  the  above  cited  authors. 

MATERIALS  AND  METHODS 

Experimental  Protocol 

One  hundretf  and  fifty  s(‘ven  laf)oratory  mice  of  mixed  sexes  were  used.  Tfiey  were  fed 
laboratory  cliow  and  water  ad  libitum.  One  uroup  was  injected  with  P.T.E.  (Injection 
Parathyroid,  100  units  cc.,  Eli  Lilly  and  ('omi)any®),  another  with  calcium  gluconate, 
and  a  third  with  a  control  solution.  The  latter  consisted  of  O.S.5%  saline  with  phenol 
(0.2  gm.  100  cc.)  and  bovine  albumin  (0.6  gm.  100  cc.)  add(“d  to  equal  the  quantities  of 
phenol  and  protein  present  in  parathyroid  extract.  .Ml  injections  were  {jiven  intra- 
peritoneally. 

The  mice  fjiven  P.T.E.  were  divided  into  five  groups:  (.V)  Ten  mice  were  given  two 
injections  of  100  units  each.  The  second  injection  followed  the  first  by  12  hours  and  tlc' 
animals  were  sacrificed  24  hours  after  the  first  injection.  (R)  Thirty-two  mice  were  given 
single  daily  injections  for  five  successive  days.  The  daily  doses  were  10,  20,  40,  60.  an  1 
70  units.  The  mice  were  killed  24  hours  after  the  last  injection.  (C’)  Five  mice  were  givi  i 
the  dose  of  the  (H)  group  and  continued  with  increasing  doses  for  three  days  (70.  M  . 
and  90  units).  (D)  Twenty-mice  were  given  daily  incn'asing  dose.s  over  a  three-wei  . 
period  for  a  total  of  300-400  units.  (E)  Ten  mice  were  given  the  do.se  administered  t  i 
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tlio  mice  in  Group  (B),  but  were  not  sacrificed  until  seven  da3’s  after  the  last  injection. 

It  was  found  to  be  impossible  to  have  calcium  gluconate  controls  for  each  of  the  P.T.E.- 
treated  groups  becau.se  of  the  great  to.xicit.v  of  calcium  gluconate.  Consc(iuentl.v,  we  have 
•ontrols  for  only  Groups  (B)  and  (E).  These  mice  were  given  0.4  ec.  of  10%  calcium 
gluconate  for  five  daj’s.  The  twent.v  mice  that  served  as  controls  for  Group  (B)  were  then 
billed  and  the  five  mice  controlling  Group  (E)  were  allowed  to  live  for  seven  da.vs.  Onlv 
fifteen  of  these  mice  survived  the  experimental  period. 

The  mice  receiving  the  control  solution  were  divided  into  four  groups  and  received 
omparable  doses  with  reference  to  volume  of  injection  and  protein  and  phenol  content. 
There  were  ten  mice  in  control  group  (.\);  20  in  control  group  (B);  five  in  control  grou)) 
(C);  and  20  in  control  group  (D). 

lisiologic  Techniques 

The  mice  were  sacrificed  b,v  severing  the  cervical  si)inal  (-ord.  Small  pieces  of  kidne.v 
were  quickly  removed  and  pr(*pared  either  by  immersion  in  95%  alcohol  or  by  freezing 
,ind  drying  with  subsequent  fixation  in  absolute  alcohol.  The  tissue  was  embedded  in 
paraffin  and  serial  sections,  six  microns  thick,  were  stained  b}’  the  following  i)rocedures: 

1.  Hematoxj  lin  and  eosin. 

2.  Deposition  of  calcium  carbonates  and  phosphates  was  demonstrated  bj'  the  v(jn 
Kossa  method. 


// 


Fig.  2.  Calcium  gluconate  treated  animal.  The  calcium  salts  are  limited  to  the  bas(‘- 
ment  membranes  of  the  renal  tubules  and  of  the  Bowman’s  capsules.  The  renal  cells 
are  seen  to  be  normal.  H  &  E,  X.‘i4(). 

3.  The  .Vzo  d3e  method  was  used  to  demonstrate  alkaline  phosphatase  using  Xa- 
alpha-naphthol  phosphate  pH  8  (7)  and  diazo,  fast-blue  B  salt. 

4.  Periodic  acid  Sehiff  (P.\S)  was  used  to  localize  poljsaccharide  proteins.  The 
nu'thod  differed  from  the  original  method  described  by  Hotchkiss  (8)  in  that 
several  changes  of  70%  alcohol  were  used  in  jilace  of  the  reducing  rinse  (9). 

RESULTS 

Xo  calcific  deposit.^  in  the  renal  parenchyma  were  produced  in  the  control 
group.  The  kidneys  appeared  normal  in  sections  stained  with  hemotoxylii! 
and  eosin.  Alkaline  phosphatase  activity  was  normal.  In  the  section 
stained  hy  the  periodic  acid  AchifT  method,  P.A.S.  positive  droplets  wen 
.seen  in  the  renal  tubular  epithelium. 

Renal  calcific  deposits  were  produced  consistently  in  mice  given  calciun 
gluconate.  The  calcium  salts  were  distributed  throughout  the  cortex  am 
the  corticomedullarv  junction  (Fig.  1)  and  were  seen  (except  in  very  rail 
instance.s)  to  be  limited  to  the  renal  tubular  basement  membranes  and  th< 
basement  membrane  of  Bowman’s  capsule  (Fig.  2).  Rarely  was  a  calcifie< 
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1. ;}.  Section  of  kidney  of  :i  mouse  treated  witli  P.T.H..  200  units  in  five  days.  Tlie  hulk 
of  the  calcium  salts  is  seen  at  the  cortical-medullary  junction,  von  Kossa,  X30. 


epithelial  cell  seen  with  an  apjtearanee  similar  to  the  calcified  cells  .seen  in 
the  parathyroid  treated  animals.  Also,  the.se  calcified  cells  were  always  .seen 
in  the  .suhcapsular  region  rather  than  at  the  corticomedullary  junction, 
llemotoxylin  and  eosin  sections  were  otherwi.se  unremarkable.  Xo  ahnor- 
malitie.s  were  seen  in  the  .sections  .stained  by  the  P.A.S.  technique  and 
alkaline  phosphatase  activity  was  normal  in  distribution. 

In  marked  contrast  to  this  was  the  pattern  of  renal  calcific  deposits  .seen 
in  the  mice  treated  with  P.T.IO.  The  low  power  section  shown  in  Figure  3 
demonstrates  that  the  bulk  of  the  calcific  deposits  were  at  the  corticome¬ 
dullary  junction.  The  “halos”  of  lime  salts  described  by  ( Irimes  fb)  are  .seen 
clearly.  Figures  4-7  are  adjacent  sections  of  a  kidney  removed  from  an 
animal  given  parathyroid  extract.  In  the  section  proce.ssed  by  the  von 
Ivo.ssa  technique  (Fig.  4)  the  cellular  detail  in  the  calcified  tubules  is  ob- 
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Fig.  4.  Calcium  salts  soon  in  masses  and  “halos”  in  the  general  configuration  of  the 
tubules.  Some  calcification  of  tubular  basement  membranes.  P.T.E.  for  5  days,  von 
Kossa,  X340. 


^(fured.  There  i.s  .some  calcific  depo.sit  in  the  basement  membrane  of  tlie 
renal  tubules.  In  the  adjacent  H  &  E  stained  section  the  involved  tubular 
cells  are  .seen  to  have  deep  blue  cytoplasm — an  indication  of  calcific  de¬ 
posit  (Fig.  o).  The  nuclei  are  pyknotic  and  some  have  undergone  kary- 
oly.sis.  In  the  sections  .stained  by  the  P.A.S.  method  (Fig.  (i)  there  is  thicken¬ 
ing  of  the  tubular  ba.sement  membrane.  However,  examination  of  numer¬ 
ous  .sections  failed  to  reveal  basement  membrane  thickening  without 
concomitant  epithelial  cell  necrosis  and  calcific  deposits.  Likewi.se,  in 
sections  prepared  for  identification  of  alkaline  phosphatase,  alkaline  phos¬ 
phatase  is  depleted  only  in  areas  of  renal  tubular  damage  (Fig.  7). 

Group  A  and  B  (200  U  P.T.E.  in  24  hours;  200  U  P.T.E.  in  five  days) 

The  above  alterations  were  found  in  mice  of  group  A  and  B  but  were  less 
extensive  in  They  were  equally  severe  in  each  sex.  We  were  able  to  esti¬ 
mate  the  extent  of  calcification  by  the  appearance  of  the  animal.  Tho.se  that 
appeared  cachectic,  had  rough  coats,  and  acted  lethargically  showed  the 
heaviest  calcific  depo.sits. 
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Fig.  o.  Same  area  as  in  figure  4.  Pyknosis  of  nuelei,  kar\'ol\’sis,  and  basojihilie  cyto- 
l)lasm  in  involved  eells  suggests  ncerosis  as  well  as  deposits  of  calcium  salts.  H  &  E, 
X340. 


Group  ('  (440  U  P.T.J].  in  eight  days) 

Tiie  kidneys  of  the  mice  in  (iroup  C  had  more  intensive  calcification.  Tlie 
l)ulk  of  the  calcification  was  at  the  corticomedullary  junction.  P.A.S.  posi¬ 
tive  tubular  casts  and  large  P.A.S.  positive  cytoplasmic  droplets  were  seen. 
These  are  characteristic  findings  noted  in  earlier  descriptions  of  renal  calci¬ 
fication  caused  by  P.T.H.  but  were  not  present  to  any  significant  degree  in 
our  Group  A  and  B.  The  deposit  of  calcium  was  too  extensive  to  visualize 
the  nature  of  the  calcified  ti.ssue.  It  is  possible  that  the  heavy  dosage  of 
PTl'i  and  the  .severe  calcification  obscured  the  nature  of  the  renal  lesion 
from  previous  investigators  as  it  did  in  our  Group  C.  It  is  al.so  possible  that 
parathyroid  extract  in  large  doses  over  a  relatively  longer  period  of  time 
will  produce  enough  renal  damage  to  interfere  with  the  excretion  of  the 
polysaccharide  delivered  to  the  kidney. 

Group  D  (400-400  U  P.T.B.  in  three  weeks) 

The  kidneys  of  the  mice  in  Group  1)  that  received  gradually  increasing 
doses  of  P.T.IO.  over  a  4-week  period  failed  to  calcify  significantly.  In  a  rare 
-inimal  small  areas  of  calcification  could  be  found  in  the  renal  tubular  ba.se- 
inent  membranes.  Other  than  a  few  small  P.A.S.  positive  droplets  no  sig- 
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Fig.  ().  Siiiiu'  area  as  in  fij^urcs  4  and  o.  The  tubular  epithelial  eells  an*  amorphous. 
P..V.S.  jxisitive  masses  appear  to  he  breaking  into  the  tubular  lumens.  Xote  thiekem-d 
basement  membranes  of  involved  tubules,  but  not  in  normal  tubules  in  the  left  of  the 
fi»4d.  P..V.S.,  x:uo. 

nificant  alteration  of  the  renal  tubular  epithelium  was  seen.  Alkaline  pho.s- 
phatase  was  normal  in  activity. 

(irnup  K  (200  1.’  P.T.l'h  in  five  days;  killed  one  week  after  last  dose) 

In  (Jroup  1'^  calcified  casts  were  .seen  surrounded  by  rejrenerating  tubular 
epithelial  cells  (F'in.  S).  Tlie  cellular  detail  was  obscured.  It  was  possible 
that  the  nature  of  the  calcification  could  be  misinterpreted  in  the.se  .sec¬ 
tions. 

Sections  of  skin,  stomach,  lung,  and  heart  were  also  examined  by  the 
above  described  methods.  Differences  in  the  pattern  of  calcification  be¬ 
tween  the  organs  of  animals  treated  with  P.T.K.  and  with  calcium  gluco¬ 
nate  were  con.si.stently  found.  The  data  accumulated  from  examination  of 
other  organs  is  as  yet  not  complete. 

DISCUSSION' 

Hanes  (10)  in  a  necropsy  report  of  a  patient  with  “Parathyroid  Poison¬ 
ing”  ob.served  generalized  necrotic  changes  whicli  he  thought  preceded 
calcification.  We  have  no  evidence  that  necrosis  of  ti.s.sue  precedes  calcifica- 
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Pig.  7.  Same  area  as  in  fiijiircs  4,  5,  and  (>.  Diniinntinn  of  alkaline  plios])liatas(>  in  area 
of  calcium  salt  deposits  and  necrosis.  Xorinal  alkaline  pliospliatase  activity  at  left  por¬ 
tion  of  the  field.  .Vlkaline  phosphatase,  X34(). 


lion  in  a  inou.se  treated  with  P.T.h].  eitlier  in  extra-renal  organs  or  in  the 
kidney.  We  are  certain,  however,  that  necrosis  accompanies  calcification  of 
the  renal  tubules.  This  component  of  the  renal  lesion  has  not  been  described 
in  recent  literature.  Thickening  of  the  renal  tubular  ba.sement  membranes 
is  limited  to  tho.se  membranes  associated  witii  necrotic  tubules.  This  im¬ 
plies  a  .secondary  change  and  apparently  is  not  the  result  of  direct  action  of 
P.T.I'k  upon  the  connective  tissue  of  the  basement  membranes.  Alkaline 
phosphatase  depression  in  areas  of  cellular  death  only  indicates  that  this, 
too,  is  non-specific  and  may  explain  the  decrease  in  alkaline  phosphatase 
measured  in  kidneys  of  P.T.P. -treated  rats  reported  by  I'higfeldt  et  al.  (11). 
Penal  calcification  apparently  is  not  dependent  upon  moblization  of  poly- 
'accharide  from  bones.  The  PAS  positive  droplets  in  the  renal  epithelial 
'•ells  and  the  large  PAS  positive  casts  described  by  others  were  scarce  in  the 
mice  treated  for  o  days  and  were  absent  in  the  mice  given  200  units  of  para- 
hyroid  extract  in  one  day.  Penal  calcification  and  necrotic  changes,  how- 
i‘ver,  were  present  in  both  groups.  PAS  positive  drojtlets  were  seen  in  the 
'  ontrol  groups  as  well  as  in  some  of  the  animals  treated  with  parathyroid 
•  xtract.  It  is  known  tliat  albumin  is  PAS  positive  (8).  It  is  also  known  that 
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Fig.  H.  Animal  tri'atcd  with  200  units  R.T.lv  and  allowed  to  live  seven  days  aftei 
F.T.E.  was  discontinued.  Xot«‘  large  ealeifi(*fl  “easts”  surrouiuled  by  regenerating  ejii- 
thelial  cells.  Xuelei  are  hypereliromatie  and  one  mitotic  figure  is  seen.  H  &  E,  X480. 

protein  administered  to  animals  will  enter  the  renal  tubular  epithelium 
(12).  The  droplets  described  elsewhere  in  the  literature  may  well  be  non¬ 
specific  protein  droplets  due  to  administration  of  massive  doses  of  para¬ 
thyroid  extract,  or  the  polysaccharide  was  not  excreted  by  the  damaged 
kidneys. 

In  animals  given  parathyroid  extract  for  five  days  and  then  allowed  to 
live  one  week,  large  calcified  ca.sts  .surrounded  by  regenerative  tubular 
epithelium  were  .seen.  The  fact  that  these  ca.sts  had  been  formed  by  necrotic 
and  calcified  tubular  epithelium  is  not  apparent  in  the  kidneys  of  these 
animals  or  in  the  kidneys  of  animals  in  (Jroup  C.  The  loss  of  cellular  detail 
is  probably  the  reason  that  the  direct  effect  of  parathyroid  extract  on  renal 
tubular  epithelium  has  not  been  previously  described.  The  fact  that  lethal 
serum  calcium  levels  were  often  reached  in  the  calcium  gluconate  treated 
animals,  and  that  great  quantities  of  calcium  were  deposited  in  the  soft 
ti.ssues,  implies  .serum  calcium  levels  were  as  high  or  higher  than  in  P.T.K. 
treated  animals.  .Vlso,  it  is  probably  true  that  calcium  gluconate  admini.s 
tered  in  small  daily  doses  re.sults  in  high  peaks  of  .serum  calcium,  whih 
P.T.li.  resulted  in  a  prolonged  elevation  of  serum  calcium.. However,  if  tin 
renal  lesion  .seen  in  the  P.T.l",.  treated  mice  was  the  re.sult  merely  of  eleva 
tion  of  serum  calcium,  it  should  })e  the  .same  histologically  as  the  lesion  ii 
the  calcium  gluconate  treated  mice.  It  appears  unlikely  that  the  selective 
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ocalizatioii  of  calcium  deposits  at  the  corticomedullary  junction  and  the 
enal  tubular  necrosis  could  he  the  result  of  a  more  sustained  hypercal- 
•emia,  especially  since  the  mice  in  group  A  were  exposed  to  high  calcium 
.evels  for  a  relatively  short  time. 

It  is  interesting  to  note  the  morphologic  resemblance  of  the  renal  lesion 
)f  P.T.K.  treated  mice  and  the  renal  lesion  in  liuman  mercuric  bichloride 
ooisoning  (IR).  In  mercuric  bichloride  poisoning  there  is  often  renal  calcifi- 
‘ation  with  no  concomitant  increase  in  serum  calcium. 

Other  studies  from  this  laboratory  indicate  that  renal  calcification  pro- 
luced  by  parathyroid  extract  is  associated  with  an  increase  in  S-Bo  fixation 
vhile  that  following  the  administration  of  calcium  gluconate  is  not  (11). 
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GLU(X)XE()GENESIS  AND  PYRUVATE  METABOLISM 
IN  RAT  KIDNEY,  IN  VITRO^ 

BLHNAIU)  H.  LANDAU^ 

Dcijarlmenis  of  Bioclieoiistrii  and  Medicine,  School  of  Medicine, 
lIVs/prn  Reserve  I'nirersitij,  Cleveland,  Ohio 

ABSTRACT 

Slices  from  kidneys  of  normal,  alloxan  diabetic,  and  cortisone  treated  rats 
have  been  incubated  with  pyruvate- 2-(''^  and  the  incorporation  of  C'^  into 
various  |)ro<lucts  has  beiui  determined.  Pyruvate  ujjtake,  and  the  incorporation 
of  ('”  into  glucose  and  lactate  was  gn'ater  than  normal  in  the  <liabetic  and 
cortisone  treated  rat  kidney  slices.  Incorporation  of  into  glycogen  was  in¬ 
creased  abov(‘  normal  in  the  cortisone  treated  slices.  There  was  a  several  fold 
increase  in  gluco.se  conttmt  above*  normal  in  the  incubations  with  diabc'tic  and 
cortisone  treated  kidney  slices.  large  percentage  of  this  newly  formed  glucose 
was  .synthesized  from  |)yruvate  carbon  as  measure'd  by  the  isotojjic  techniques. 
From  these*  in  vitro  e*xpe*rinu*nts.  te»  the*  e*xte*nt  eef  the*ir  in  vivo  physie)le)gie*al 
re*le*v:ine*e*.  it  is  e*e)ne*luele*el  tlmt  in  eliabe*te*s  me*llitus  ami  as  a  cemse*(iue*ne*e  e)f 
e*e)rtise»ne*  aelministratiem  the*  me*tabe)lism  eef  jjyruvate*  in  the  kielne*y  is  sig¬ 
nificantly  alte*re*el  fre)m  the*  netrmal  ami  glue*eme*e>ge*m*sis  is  ine*reas(*el. 

D.VTA  liave  accumulated  to  indicate  that  the  kidney  may  participate 
sifrnificantly  in  the  syntliesis  of  glucose  in  the  normal  animal.  Thus, 
from  the  small  difference  between  arterial  and  renal  vein  gluco.se  concen¬ 
trations  oh.served  in  the  dog,  it  has  been  estimated  that  renal  glucose 
synthe.sis  may  be  as  much  as  ld%  of  canine  heptatic  glucose  production  (1), 
and  on  incubation  of  rat  kidney  slices  with  pyruvate  a  net  synthesis  of 
carbohydrate  has  been  observed  (2,  3). 

( Ilucose  production  by  the  kidney  may  also  reflect  endocrine  state.  Thus, 
greater  than  normal  gluco.se-b-phosphatase  activity  has  been  noted  in  kid¬ 
neys  of  diabetic  rats  and  of  rats  admini.stered  corti.sone  (I).  It  has  been 
suggested  that  eidianced  gluconeogenesis  is  correlated  with  such  increased 
activity  (o).  Also,  Teng  ((>)  found  more  gluco.se  appearing  in  the  medium  on 
incubating  diabetic  kidney  slices  without  sub.strate  than  could  be  ac¬ 
counted  for  by  glycogen  breakdown  and  the  calculated  initial  extracellular 
glucose  content  of  the  slices.  In  incubations  with  pyruvate  as  sub.strate 
more  glucose  appeared  in  the  medium  with  diabetic  kidney  slices  (0)  and 
less  with  slices  from  kidneys  of  adrenalectomized  rats  (7),  than  appeared 

H»*(*«*ivv(l  February  4,  ItUU). 

'  Aided  by  grants  from  the  Anu*riean  Heart  Assoeiati<jii,  tin*  ('l(*velaml  l)ial)etie  Fiiml 
and  the  Diabetie  Re.s»*areh  Program  of  Western  R(*s(*rve  University  through  Researel 
(.Jrant  A-1317  of  the  National  Institutes  of  Arthritis  and  Metabolie  Diseases. 
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with  slices  from  normal  rat  kidney.  However,  IJussell  and  Willielmi  (d) 
found  no  change  from  normal  in  I  he  increase  in  <‘arl>ohydrale  content  of  the 
>lices  and  medium  when  slices  from  adrenalectomized  rats  were  imaihaled 
with  pyruvate. 

The  changes  in  metabolism  a.ssociated  with  the  carbohydrate  formed  in 
the.se  in  vitro  studies  has  not  been  determined  and  a.s.say  methods  used  do 
not  permit  the  positive  identification  of  the  reducing  substance  measured 
as  glucose.  Moreover,  while  the  term  gluconeogenesis  has  frequently  been 
employed  in  these  studies,  in  actuality  the  demonstration  of  gluconeo¬ 
genesis  from  a  .sul)strate  recpiires  not  only  that  there  be  a  net  synthesis  of 
glucose,  but  that  the  glucose  formed  be  demonstrated  to  ari.se  from  the 
substrate.  Studies  in  which  only  the  gluco.se  appearing  in  the  incubation 
medium  and  changes  in  tis.sue  glycogen  content  are  measured,  or  where  oidy 
changes  in  total  carbohydrate  are  determined  do  not  fulfill  this  criterion. 

In  the  experiments  to  be  described,  the  pathways  of  pyruvate  metal)o- 
dsm,  as  traced  with  C'^  labeled  pyruvate,  have  been  determined  in  slices 
from  kidneys  of  normal,  diabetic  and  cortisone  treated  rats.  .Vssociated 
with  various  metabolic  alterations,  increased  incorporation  of  pyruvate 
carbon  into  gluco.se  has  been  observed  in  the  diabetic  and  cortisone  treated 
rats.  That  this  was  gluconeogenesis  from  pyruvate  was  demonstrated  by 
determining  the  total  carbohydrate  and  glucose  content  in  the  slices  at  the 
beginning  and  completion  of  incubation  using  an  assay  specific  for  glucose. 

MATERIALS  .A.M)  METHODS 

Animals.  Male  rats  of  the  Wistar  strain  weighing  180  to  220  grams  and  maintained 
on  a  diet  of  standard  laboratory  eliow  were  used.  They  were  saerifieed  by  stunning  and 
then  exsanguination.  Diabetes  in  rats  was  produced  by  intravenous  injection  of 
alloxan  monohydrate.  The  rats  were  used  2  to  4  weeks  after  injection  and  only  if  their 
blood  glucose  concentrations,  as  determined  by  the  Somogyi-Nelson  method  (8,  9)  were 
gr(‘at(‘r  than  300  mg.  %.  Those  rats  administered  corti.sone  received  it  in  a  dose  of  b  mg. 
subcutaneously  twice  daily  for  the  5  days  prior  to  sacrifice. 

Slices  and  media.  Kidney  cortex  slices  were  prepared  using  a  Stadie-Riggs  microtome 
and  were  collected  in  a  petri  dish  over  cracked  ice.  The  slicing  medium  contained 
K'''  =  5,  Na‘''=  105,  Mg^  =20,  Ca'''"''=  10,  HCOs""  =  40,  and  Cl  =  130  mmoles  per  liter  (10) 
and  the  composition  of  the  incubation  medium  was  identical  except  that  when  pyruvate 
was  substrate  Cl~=  100  and  i)yruvate  =  30  mmoles  per  liter.  Pyruvate-2-C'^,  purchased 
from  Volk  Radiochemical  Co.  and  further  purified  by  elution  from  a  Dowex-l-Xl 
(chloride  form)  column,  was  employed  as  labeled  substrate,  .\fter  equilibration  with 
•")%  CO2  — 95%  O2  the  medium  pH  was  between  7.4  to  7.5.  Between  .500  ami  800  mg. 
of  slices  were  incubated  with  shaking  in  8.0  ml.  of  medium  for  90  min.  at  37°  C. 

Analyses.  In  studies  of  the  incorj)oration  of  p3ruvate  carbon  into  the  various  meta¬ 
bolic  products,  kidnej'  glycogcm  content  was  determined  in  an  aliquot  of  unincubated 
dices  (initial  gl.vcogen)  and  in  the  incubated  slices  at  the  completion  of  the  incubation 
final  glj'cogen)  by  the  method  of  Good,  Kramer  and  Somogyi  (11).  Glucose  content  in 
the  medium  at  the  completion  of  the  incubation  (medium  glucose)  was  determined 
following  deproteinization  of  the  medium  with  ZnS04-Ba(0H)2  bj'  the  Somogyi-Nelson 
method.  In  some  experiments  it  was  demonstrated  bj’  a  modification  of  the  glucose  oxi- 
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daso  method  of  Froescdi  et  al.  (12)  that  this  Somogyi-Xelson  redueiiig  material  was 
glucose  within  the  limits  of  the  determination.  Medium  glucose  was  isolated  as  its 
glucosazone  following  passage  of  the  im'dium  down  a  l)owe.\-l-Xl  (sulfate  form) 
column  to  remove  pyruvate,  (ilucose  from  the  medium  and  glycogen  glueo.se  were 
assayed  for  ratlioactivit}’  as  their  glucosazones.  Lactate  content  of  the  medium  at  the 
completion  of  the  incubation  (medium  lactate)  was  determined  by  the  Barker  and 
Summerson  method  (13)  and  the  lactate  was  isolated  from  the  Dowe.\-l-Xl  column  by 
elution  with  dilute  sulfuric  acid.  It  was  then  degraded  by  the  method  of  Brin  and  Olson 
(14),  yielding  the  carboxy  carbon  (C-1)  of  lactate*  as  CO™  (isolated  and  assayed  for  radio¬ 
activity  as  Bat'Os)  and  the  hydroxyl  carbon  and  methyl  carbon  (('-2,  3)  of  lactate  as 
acetaldehyde  (isolated  and  assayed  for  radioactivity  as  its  dimedon).  These  methods 
have  been  previously  detailed  as  have  the  methoels  for  the  determination  of  the  quan¬ 
tity  of  C'^  of  pyruvate  oxidized  to  CO2  (15)  and  incorporated  into  fatty  acids  (16). 
Pyruvate  uptake,  as  determined  by  the  disappearance  of  pyruvate  from  the  medium, 
was  measur(‘d  by  the  method  of  Friedemann  and  Haugen  (17)  and  pyruvate  radioac- 
tivi<^y  was  assayed  as  its  2,4-dinitroi)henylhydrazone  derivative  (18).  Radioactive 
assaj'  techniques  have  been  rei)orted  (19).  The  micromoles  of  C'^  of  p\’ruvate-2('*^  in¬ 
corporated  into  the  various  metabolic  jjroducts  have  been  calculated  from  the  total 
number  of  radioactive  counts  present  in  the  products  at  the  completion  of  the  incuba¬ 
tion  and  the  specific  activity  of  the  pyruvate  at  the  initiation  of  incubation  (the  specific 
activity  of  the  pyruvate  in  the  medium  at  the  completion  of  the  incubation  was  found 
to  be  unchanged  from  that  at  the  beginning  of  the  incubation).  The  data  are  expressed 
as  micromoles  of  of  pyruvate-2-C'^  incorporated  into  the  various  products  per  gram 
wet  weight  of  kidnej'  slices  per  90  min.  incubation.  On  the  assumption  that  two  pyruvate 
equivalents,  as  traced  by  the  C-2  of  pyruvate,  form  an  equivalent  of  glucose,  the  micro¬ 
moles  of  glucose  formed  from  pyruvate  is  then  one-half  of  the  number  of  micromoles 
of  C‘^  of  pyruvate  incorporated  into  glucose. 

In  measurements  of  total  carbohydrati*  content,  duplicate  flasks  were  prepared.  One 
flask’s  contents  (medium  and  slices)  were  homogenized,  without  incubation,  following 
the  addition  of  sulfuric  acid  to  make  the  homogenate  l.V  in  sulfuric  acid.  The  duplicate 
flask  was  incubated  for  90  min.  as  described  above,  and  then  the  contents  were  homoge¬ 
nized  in  an  identical  manner.  The  homogenates  were  heated  on  a  steam  bath  for  3  hrs. 
and  then  cooled,  neutralized  with  barium  carbonate,  and  filtered.  .\n  aliquot  of  each 
filtrate  was  treated  with  Zn.S()4  and  Ba(()H)2  (8)  and  centrifug(*fl.  .\  portion  of  the  super¬ 
natant  was  incubated  with  acetate  buffer  containing  glucose  oxidase  (12)  and  the  n*- 
sidual  reducing  content  was  mc'asured  by  the  Xelson  method  (non-glucose  “carbohy¬ 
drate”).  This  n'ducing  content  while  referred  to  as  “carbohjdrate”  actually  represents 
all  reducing  substances  other  than  glucose  measured  by  the  Xelson  method,  .\nother 
portion  of  the  supernatant  was  incubated  with  acetate  buffer  in  the  absence  of  glucose 
oxidase  and  the  reducing  content  determined  (“total  carbohydrate”).  “Total  carbo¬ 
hydrate”  then  represents  the  total  X^ehson  reducing  substances.  The  diffen'iice  in  these 
quantities  was  then  taken  as  the  true  gluco.se  content.  The  remainder  of  each  barium 
carbonate  neutralized  filtrate,  when  pyruvate  was  substrate,  was  passed  down  a  mixed 
bed  ion  exchange  resin  (.\niberlite  MB-3)  and  the  column  was  washed  with  water.  The 
effluent  and  washings  were  concentrated  and  the  reducing  content  of  the  concentrate 
was  determined  by  the  Xelson  method.  Carrier  glucose  was  added  and  the  gluco.se  was 
isolated  as  its  glucosazone  and  as.sayed  for  radioactivity.  Xo  radioactivity  was  present 
in  the  glucosazones  isolated  from  the  contents  of  the  unincubated  flasks.  In  some  experi¬ 
ments  paper  chromatograms  of  portions  of  the  barium  carbonate  treated  filtrates  am' 
the  concentrates  from  the  ion  column  treatment  were  developed  for  carbohyflrati 
identification  (20). 
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RESULTS 

In  Table  1  data  are  recorded  on  the  initial  and  final  glycogen  content  of 
the  kidney  slices,  the  glucose  and  lactate  content  of  the  medium  at  the  com¬ 
pletion  of  incubation,  the  pyruvate  uptake,  and  the  C'^  incorporation  into 
the  various  products  on  incubation  of  pyruvate-2-C'^  with  slices  of  kidneys 
from  normal,  diabetic,  and  cortisone  treated  rats.  The  blood  glucose  con- 
•ent  rat  ions  were  markedly  above  normal  in  the  diabetic  rats,  but  only 
'lightly  elevated  in  the  cortisone  treated  rats.  In  the  diabetic  kidney  slices, 
initial  glycogen  content  was  higher  than  normal  and  there  was  suggestive 
glycogen  breakdown  during  the  incubation.  About  four  times  as  much 
glucose  appeared  in  the  medium  on  the  incubations  with  diabetic  rat 
kidney  slices  as  with  normal  kidney  slices.  The  medium  lactate  and  the 

Table  1.  Metabolism  ok  i*yri  vate-2-C''‘  (30  in.t/  i*er  liter) 

IN  RAT  KIDNEY  SLICES 

(.\ll  vilhios  iirc  expressed  iis  micromoles  per  ^nim  wet  weight  of  kidney  per  00  min.  ineii- 
hation  unless  otherwise  noted.) 


-Moan±S.K 

.Mean  ±S.F 

M(‘an±S.F 

uptake  of  pyruvate  were  increased  above  normal  in  the  diabetic  and  corti¬ 
sone  treated  groups,  as  was  the  incorporation  of  C'^  into  COo  in  the  corti¬ 
sone  treated  group.  The  incorporation  of  C'^  into  glycogen  was  increased 
above  normal  in  tlie  cortisone  treated  slices,  but  not  in  the  diabetic  slices. 
Incorporation  of  C‘^  into  glucose  was  increased  above  normal  in  both 
groups.  About  one-iialf  of  tlie  glucose  in  the  medium  on  incubation  of  slices 
from  normal  rats  appeared  to  have  been  formed  from  pyruvate  as  traced  by 
C'L  Only  about  of  the  glucose  in  the  medium  could  be  ascribed  to 
pyruvate  in  the  diabetic  experiments,  but  (57%  of  the  glucose  could  be 
accounted  for  as  from  pyruvate  in  the  cortisone  experiments.  Xo  significant 
difference  in  C'^  incorporation  into  fatty  acids  or  in  the  incorporation  into 
C-1  of  lactate  relative  to  the  incorporation  into  C-2,:i  for  the  three  groups 
was  apparent.  Howev’er,  a  greater  amount  of  isotope  appeared  in  lactate  in 
the  diabetic  and  cortisone  treated  than  in  the  normal  group. 

In  Table  2  data  are  recorded  on  the  “total  carbohydrate”,  glucose,  and 
non-glucose  “carbohydrate”  content  of  kidney  slices  plus  medium  at  the 
beginning  (O')  and  completion  (90')  of  incubation  with  pyruvate  as  sub¬ 
strate  for  the  three  groups.  In  all  three  groups  there  was  a  net  increase  in 
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‘‘(•arholiydrate”  content  on  incul)ation  (least  for  normal  rat  kidney  slices) 
and  this  increase  was  accounted  for  solely  hy  an  increase  in  glucose  formed, 
d'liere  was  a  significant  (|nan(i(y  of  non-glucose  “carholiydrate”  at  tin* 
beginning  of  incubation,  but  this  (|uantity  was  unchanged  at  the  comple¬ 
tion  of  the  incubation.  On  paper  chromatography  of  a  portion  of  the  solu¬ 
tion  analyzed  for  total  carbohydrate,  substances  with  Hf  values  corre¬ 
sponding  to  glucose  and  fructose  as  well  as  a  faster  moving  component  were 
noted. 

Pyruvate  incorporation  into  glucose  as  measured  by  the  incorporation  of 
the  of  pyruvate-2-C‘^  into  glucosazone  (last  column  of  Table  2),  indi¬ 
cates  that  in  all  three  groups  the  glucose  formed  from  pyruvate  could 
account  for  most  of  the  glucose  formed  during  the  incubation.  In  the  coiti- 

Tabi.k  2.  (’akboiiydratk  contknt  (tc  kidnky  si.icks  am> 

I.\«TBATIO\  MKDir.M  WITH  I’YHl  VATK 

(.\11  values  an*  expressed  as  inieroinoles  of  ulueose  «“(piivalent  per  >;rain  wel  wei^lil  of 
kidney  at  iiiitiatioii  (zero  time)  and  eompletion  (!)()  min.)  of  ineiihation,  (‘xeept  that  lilood 
Klueose  is  given  as  mg.%  ami  pyruvate  incorporation  as  micromoles  of  of  pyriivati--2-('" 
jier  gram  wet  weight  of  kidney.) 
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('■'  Ineorpora- 
tion  into  rIu- 
eoae  OKI') 

O' 

!KI' 

Net 

oliatiRe 

0'  {HV 

Net 

eliaiiRe 

(»' 

elmnRe 

Mean  +  S.K. 

8 

OS 

18.8 

31.1 

+  12.3 

Normal  Rats 
5.8  16.6 

+  10.8 

13.0 

14.5  +1.5 

14.4 

4.1 

2.5 

4.6 

2.6 

1.3  2.5 

2.5 

2.0 

3.4  1.4 

2.5 

M(>an±S.K. 

- 

460 

40.1 

72.6 

+23.5 

I)iab<*tio  Rats 
38.1  61.5 

+23.4 

11.0 

11.1  +0.1 

55.2 

42 

4.1 

4.1 

4.7 

5.3  4.2 

4.8 

2.0 

3.2  1.0 

10.7 

Mi’an  +  S.K. 

5 

107 

24.5 

42.4 

('ortisonc  Treated  Rats 
+17.9  6.3  27.2  +20.9 

18.2 

15.2  -3.0 

27.5 

18 

1.1 

1.5 

2.4 

0.6  2.6 

2.9 

0.6 

1.1  0.8 

2.5 

sone  treated  group,  glucose  formation  from  pyruvate  was  greater  than  the 
(juantity  of  glucose  initially  present.  It  should  be  noted,  however,  that  on 
chromatography  of  the  solution  from  which  the  osazone  was  prepared, 
while  glueo.se  was  the  predominant  sugar,  fructose  also  appeared  to  be 
present.  Since  glucose  and  frueto.se  form  the  same  osazone,  the  incorpora¬ 
tion  into  the  osazone  may  include  .some  incorporation  of  from  a  non¬ 
glucose  carbohydrate,  i.e.,  fructose. 

In  Table  d  the  results  of  experiments  similar  to  tho.se  recorded  in  Table  2 
are  presented  except  that  the  medium  contained  no  substrate.  There  was 
no  .significant  change  in  the  “total  carbohydrate”  content,  glucose  content 
or  non-glucose  “carbohydrate”  on  incubation  of  the  kidney  slices  from 
normal,  diabetic  or  corti.sone  treated  rats  in  this  medium  for  90  minutes. 

niscussiox 

Alterations  from  the  normal  in  the  quantity  of  pyruvate  converted  to 
lactate,  CO2,  glycogen  and  glucose  occurred  in  the  diabetic  and  cortisone 
treated  kidney  slices  (Table  1).  Thus,  in  the  diabetic  and  cortisone  treated 
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groups,  compared  to  tlie  normal  group,  there  was  an  increased  pyruvate 
uptake  and  an  associated  increase  in  medium  lactate.  There  also  appeared 
to  be  an  increase,  though  not  statistically  significant,  in  the  oxidation  of 
pyruvate-2-C'^  to  C'KLj.  Depressed  pyruvate  oxidation  in  the  kidney  as  a 
consecjuence  of  cortisone  administration  was  not  evident  in  these  in  vitro 
studies  and  these  results  therefore  do  not  support  the  postulate  of  a  block  in 
pyruvate  oxidation  to  COa  as  a  possible  mechanism  of  steroid  action  (21). 

While  in  the  liver  a  markedly  increased  depo.sition  of  glycogen  occurs  on 
corti.sone  stimulation,  in  the  kidney  there  was  only  a  slight  increase.  This 
observation,  as  well  as  the  increased  glycogen  content  in  the  diabetic  kid¬ 
ney,  is  in  keeping  with  the  concept  that  the  kidney  glycogen  content  is 
determined  by  blood  glucose  concentration  rather  than  endocrine  state  (4). 

Tabi.k  3.  Cakbomydrate  content  of  kidney  slices  and 

INCl  BATION  MEDir.M  WITIIOI  T  ADDED  SCBSTRATE 


(All  villiies  arc  expressed  as  micromoles  of  glucose  equivalent  t’Di"  gram  wet  weight  of 
kidney  at  initiation  (zero  time)  and  completion  (90  min.)  of  incubation  except  that  lilood 
gluco.se  is  given  as  mg.%.) 


No. 

Blood 

"Total 

carbohydrate” 

Cllufosp 

Non-glue 

ose  "carbohydrate’ 

of 

rats 

glii- 

COBl* 

0' 

(HI' 

Not  ,,, 

c-lianRp 

00' 

Net 

rhatiKP 

0' 

•HI' 

Net 

eliange 

Mraii  ±  S.K. 

.5 

101  . 

23.2 

23.0 

Normal  Rata 
-0.2  5.2 

5.1 

-0.1 

18.0 

17.0 

-0.1 

12 

0,0 

1.0 

1.2  0.8 

0.4 

1.1 

0.4 

1.2 

1.0 

M('an±S.K. 

.1 

:J82 

53.3 

40.6 

niabt-tic  Rats 
-3.7  .35.0 

33.6 

-1.4 

18.3 

16.0 

-2.3 

13 

5.1 

3.1 

2.1  4.5 

2.6 

2.5 

1.0 

1.7 

0.8 

Mt'an  ±  S.K. 

4 

125 

28.8 

20.5 

Cortisone  Treated  Rats 
+0.7  6.0  8.0 

+2.0 

22.8 

21.5 

-1.3 

33 

2.4 

1.6 

1.4  2.0 

0.0 

1.3 

0.6 

0.7 

1.0 

However,  whereas  in  the  corti.sone  treated  and  diabetic  rat  kidney  slices 
there  was  increased  gluco.se  formation  and  presumably  increased  gluco.se- 
(i-phosphata.se  activity  (4),  only  in  the  former  was  an  increa.sed  incorpora¬ 
tion  of  into  glycogen  noted.  This  difference  may  be  a  reflection  of 
glycogen  breakdown  in  the  diabetic  kidney  from  its  initially  high  concen¬ 
tration  .so  that  any  incorporation  of  into  glycogen  (presumably  the 
outer  tiers  of  glycogen  (22))  was  masked  by  subsequent  relea.se. 

In  kidney  slices  from  normal,  diabetic  and  cortisone  treated  rats  there 
was  gluconeogenesis  i.e.,  a  net  synthesis  of  glucose,  in  the  pre.sence  of  pyru¬ 
vate  and  not  in  its  ab.sence.  The  carbon  source  for  this  newly  .synthesized 
glucose  in  the  presence  of  pyruvate  was  presumably  pyruvate  carbon 
iilthough  this  cannot  be  assured  without  recourse  to  the  isotopic  data. 
4'hu.s,  to  explain  the.se4’esults  it  might  be  a.ssumed  that  carbons  from  endog¬ 
enous  substrates  were  converted  to  glucose  in  the  presence  of  pyruvate, 
but  in  the  absence  of  pyruvate  the.se  substrates  were  utilized  by  pathways 
t  ot  including  gluco.se  synthe.sis.  However,  the  isotopic  data  (Table  2)  would 
indicate  that  over  o()%  of  the  newly  formed  ghico.se  arose  from  the  label 
I'.vruvate.  Further,  because  of  the  possible  occurrence  of  non-eiiuilibration 
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of  metabolic  pools,  endogenous  substrate  dilution,  glucose  utilization 
during  incubation,  etc.  this  measured  incorporation  is  probably  only  a 
minimum  estimate  of  the  quantity  of  glucose  formed  from  the  substrate. 
Thus,  gluconeogenesis  from  pyruvate  appears  to  occur  in  normal,  diabetic 
and  corti.sone  treated  rat  kidney  slices.  In  the  diabetic  and  corti.sone  treated 
kidney  slices  this  gluconeogene.sis  from  pyruvate  is  greater  than  in  normal 
rat  kidney  slices.® 

’  The  large  percentage  of  the.  newly  formed  glucose  derived  from  the  carbons  of  isotopi- 
cally  labeled  pyruvate  appears  to  be  a  satisfactory  criterion  for  the  acceptance  of  the 
occurrence  of  gluconeogenesis  from  pyruvate  in  these  experiments.  This  is  especially 
true  in  consideration  of  the  many  factors  tending  to  decrease  the  observed  incorporation 
of  C‘^  of  pyruvate  into  the  glucose  formed.  However,  some  of  the  assumptions  inherent 
in  the  accei)tance  of  incorporation  of  (''■•  as  a  measure  f)f  glucont'ogenesis  shovdd  bc 
noted. 

Incorporation  of  from  a  substrate,  such  as  pyruvate*,  into  a  jiroduct,  such  as  glu¬ 
cose  can  presumably  occur  as  a  con.s(*quence  of  “exchange  reactions,”  i.e.  the  exchange 
of  for  in  the  absence  of  net  synthesis.  These  reactions  may  simply  represent  the 
eejuilibration  of  metabolic  intermediates  (as  in  the  equilibration  of  labeled  glyceralde- 
hyde  phosjihate  and  dihydroxyacetone  phosjjhate  with  fructose  diphospliate  via  aldo¬ 
lase),  in  which  case  a  net  synthesis  f)f  carbohydrate  may  or  may  not  occur,  or  they  may 
rej)resent  specific  reactions  (as  in  the  (>quilibration  of  labeled  glycc'raldehyde  phosphate 
with  fructose*  diphosphate*  via  transalelolase*  (23)),  in  which  case*  ne)  net  synthesis  eef 
carbohyelrate*  is  possible.  The*refe)re,  increaseel  incorpeeration  of  label  freem  pyruvate  into 
carbohyelrate*  may  represent  the*  ine*re*ase*el  occurre*nce  of  these  reactions  rather  than  an 
increaseel  synthesis  of  carbohydrate*  from  pyruvate*.  Similar  re*actions  presumably  ac- 
e*ount  for  the*  obse*rve*el  incorporation  of  C'^  of  acetate-C'^  into  gluco.se  in  the  absence  e)f 
net  carbohyelrate*  synthesis  (24). 

Various  aelelitional  criteria  may  be*  established  in  an  attempt  to  overcome  these  ol)- 
jections  to  the  e*quating  of  incorpe)ratie)n  with  gluconeoge*ne*sis.  Thus,  the  quantity  e)f 
carbohyelrate*  present  initially  may  serve  as  a  measure*  of  the  ejuantity  of  carbohydrate 
available  for  exchange*.  Then  if  incorporation  e)e*curre*el  to  the  same  e*xte*nt  on  incubation 
e)f  two  tissues,  one*  with  a  low  initial  carbe)hyelrate  content  and  the  other  with  a  higli 
initial  content,  in  the  former  incorporatie)n  might  more  justifiably  be*  eejuated  witli 
glucone*oge*nesis.  The  incorporation  of  isotope  inte)  carbohyelrate  in  gre*ater  quantity  than 
the*  ejuantity  of  carbohyelrate  initially  present  e*oulel  the*re*fore*  represent  an  additional 
e*rite*rion  for  the*  occurrence  of  glucone*e)ge*ne*sis,  since  uneler  these  circumstances  mon* 
than  exchange  reactieens  woulel  be*  nece*ssary  to  account  for  the  incorporation  (this  cri- 
te*rion  is  fulfille*el  in  the  case*  of  the*  experiments  with  e*ortisone*  tre*ate*el  rat  kielney  slices). 
However,  eve*!i  this  aelelitional  criterion  is  not  ce)nclusive  since*  carbohyelrate  fe)rme'(l 
freun  substrate*s  other  than  labele*d  substrate*  e-endel  alse)  enter  exchange*  re*actions,  and 
the*re*fore*  in  the*e)ry  incorporation  via  e*xchange*  re*ae*tions  ceeuld  exceeel  the*  quantity  <  f 
carbediyelrate*  initially  pre*sent. 

The*  autheir  kneews  of  ne)  infallible  stanelarels  fe)r  the  t'stablishment  of  incorporation  ;  s 
a  measure*  e)f  glue*e)ne*e)ge*ne*sis.  .Vt  what  limits  inceerjjeeration  e)f  labe*l  fre)m  a  substra^  ^ 
sheeulel  be*  e*e)nsiele*reel  inelie*ative  e)f  the*  e)ccurre*ne*e*  e)f  glue*one*oge*ne*sis  freem  the*  substra*  * 
weeulel  not  api)e*ar  te)  be*  cle*arly  elefine*el  at  i)re*se*nt. 

It  shemlel  be*  emphasize*el  that  glue*e)ne*e)gene*sis  fre)m  pyruvate  as  here*  elefineel  reepiiri  < 
the*  elemonstration  of  a  net  synthesis  of  glucose*  freem  pyruvate.  It  is  of  course*  true  th:  t 
the  fineling  of  of  pyruvate*-2-C'^  in  gluceese  elemonstrates  that  glucose  has  be*e*n  forme  1 
from  pyruvate  carbon.  However,  there*  woulel  seem  to  be  little  if  any  physiological  si  - 
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From  the  in  vitro  studies  here  reported,  it  is  concluded  tliat  there  is  an 
enhancement  of  glucose  formation  in  tlie  rat  kidney  in  diabetes  mellitus 
and  following  cortisone  administration.  This  carbohydrate  formation  may 
be  increased  several  fold  above  normal  and  may  be  associated  with  altera¬ 
tions  in  pyruvate  metabolism.  The  extent  of  the  in  vivo  physiological  rele¬ 
vance  of  these  in  vitro  studies  remains  as  yet  undertermined. 
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nifieance  as  relates  to  glueo.se  produetion,  that  could  hi*  assigned  to  an  observation  of 
even  considerable  incorijoration  of  into  glucose  by  a  tissue,  if  the  proc(*ss  did  not  re¬ 
sult  in  the  formation  of  additional  glucose  beyond  that  alri'ady  presimt. 

These  comments  are  offered  simply  as  a  note  of  caution  and  consideration  in  th(“  in¬ 
terpretation  of  isotopic  data  such  as  that  j)resented  in  this  paper. 
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A(X  ELERATED  APPEARANCE  OF  DCA  HYPERTENSION 
IN  RATS  TREATED  WITH  PITRESSIN' 
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Department  of  Anatomy.  The  University  of  British  Columbia,  Vancouver,  Canada 

ABSTRACT 

The  delay  in  onset  of  diastolic  hypertension  following  treatment  with  DCA 
can  be  largely  abolished  by  the  concurrent  administration  of  small  doses  of 
pitressin.  ('onversely,  the  delay  is  exaggerated  by  jjrevious  neurolu'pophyseal 
denervation.  These  observations  support  the  view  that  the  rate  of  development 
of  DC’A  hypertension  is  inversely  related  to  the  efficiency  of  compensatory 
neurohypoplnseal  inhibition. 

SINCE  the  neurohypophysis  and  adrenal  cortex  provide  basic  hormonal 
regulation  of  salt  and  water  balance  it  is  to  be  expected  that  both  their 
target  actions  and  levels  of  secretion  mu.st  somehow  be  integrated  (1).  We 
have  presented  evidence  that  aldosterone  and  pitre.s.sin  act  in  the  same 
direction,  although  by  different  mechanisms,  on  the  distribution  of  sodium 
between  cells  and  environment  (2,  3).  This  relation  implies  a  “see-.saw”  or 
reciprocal  balance  between  the  levels  of  secretion  of  the  two  hormones  in 
response  to  endogenous  demands  and  a  synergism  between  their  effects  if 
the  balance  is  not  rigorously  maintained.  In  this  way,  the  salt  retaining 
corticoids  on  the  one  hand,  and  vasopressin  on  the  other,  readily  provide 
the  continuously  variable  basic  control  of  the  “sodium  gradient”  and  hence 
of  blood  pre.s.sure  settings  from  low  to  high  values  (4). 

It  follows  as  a  neces.sary  con.sequence  of  this  theory  that  the  exogenous 
admini.stration  of  a  corticoid  which  effectively  diminishes  the  rate  of  extru¬ 
sion  of  intracellular  sodium  should  cause  reciprocal  inhibition  of  vasopre.s- 
sin  secretion  in  order  to  compensate.  Blood  pressure  would  not  be  expected 
to  rise  so  long  as  this  compensation  was  adequate.  Such  a  mechanism 
would  provide  a  simple  explanation  for  the  known  fact  that  the  induction  of 
hyperten.sion  in  the  rat  by  desoxycorticosterone  acetate  (DCA)  is  always 
preceded  by  a  delay  time  of  about  one  to  two  weeks  even  when  additional 
sensitizing  procedures  are  used.  We  may  suppose  that  during  this  period 
the  reduction  in  neurohypophyseal  secretion  is  an  adequate  balance  for  the 
additional  DCA  but  that  ultimately  this  becomes  insufficient  to  compen- 
.sate  and  only  then  does  the  blood  pressure  begin  to  ri.se. 
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Tills  interpretation  can  lie  experimentally  tested,  for  if  the  delay  time 
preceding  the  induction  of  DCA  hyiiertension  represents  effective  nenro- 
hypophyseal  inhibition,  it  should  be  possible  to  abolish  it  by  the  adminis¬ 
tration  of  small  (juantities  of  vasopressin.  The  following:  experiments 
demonstrate  that  this,  in  fact,  is  possible. 

METHODS 

Male  albino  rats  of  an  inbretl  Wistar  strain  weighing  80  to  100  gin.  initially  were  used 
throughout.  -\11  animals,  including  controls,  were  unincphrectomizcil  4  days  before  the 
start  of  the  experiments.  was  given  sulieutaneously  as  25  mg.  pellets  implanted 

one  on  the  first  day,  one  on  the  fifth  and  one  on  the  ninth  day  in  each  experiment. 
Following  the  administration  of  tlu*  .second  jielh't,  1  %  salim*  was  substituted  for  drinking 
watiT  in  all  l)(’.V-tieated  groups.  Vasoiiressin  was  given  subcutaneously  as  jiitressin 
tannate  in  oil. 

Neurohypophyseal  denervation  was  luodueed  by  stereotaxic  placement  of  a  small 
lesion  in  the  median  eminenet'  (.5).  The  pre.senee  of  diabetes  insijiidus  was  subsequently 
verified  by  the  polyurie  response  to  a  salt  load  (h). 

Blood  pre.ssure  was  det(‘rmined  eleetromanometrieally  from  the  femoral  or  braehial 
artery  using  a  22  gauge  needle  coupled  to  a  Sanborn  or  Statham  transducer.  Blood 
samples  were  drawn  from  a  side  arm  in  the  arterial  cannula  as  needed.  Extracellular 
fluid  volume  (e.e.f.v.)  was  determined  as  the  volume  distribution  of  an  accurately 
measured  amount  of  inulin  injected  intravenously  in  the  bilaterally  nejihreetomized 
rat  after  allowing  two  hours  for  equilibration  (5).  Sodium  and  potassium  were  ihdermined 
l)v  flame  photometry. 

.\11  ojierative  procedures  were  carried  out  under  light  ether  anesthesia. 


RESULTS 

Experiment  1 .  The  Ejj'eet  of  Various  Doses  of  Pitressin  on  (he  Blood  Pressure 
Rise  Indueed  During  3  Weeks  of  DP  A  Treatment 

Five  group.s  of  10  uniiiephrectomized  rats  each  were  u.sed  for  thi.s  experi¬ 
ment.  Croup  1  served  as  untreated  control  wliile  the  remaining  4  groups 
were  all  given  DCA  with  saline  drinking  water  as  described.  Croup  2 
received  no  further  treatment.  Croups  II,  4  and  5  received  injections  of 
Pitre.s.sin  tannate,  o,  10  or  40  milliunits  twice  daily  respectively.  Blood 
pressure  was  measured  and  a  blood  sample  taken  for  Na  and  K  determina¬ 
tion  on  the  3rd,  8th  and  14th  days  of  the  experiment  at  a  time  correspond¬ 
ing  to  2  hours  after  Pitressin  injection.  The  experiment  was  terminated 
on  the  22nd  day  with  the  measurement  of  blood  pres.sure,  extracellular 
fluid  volume,  plasma  Na  and  K.  Hearts,  kidneys  and  adrenals  were 
weighed  after  fixation. 

As  expected,  blood  pre.s.sure  rose  significantly  in  respon.se  to  DCA-saline 
treatment  and  showed  the  characteristic  latent  period  despite  the  sen.sitiz- 
ing  uninephrectomy  used  to  accelerate  the  process  (Fig.  1).  The  delay 
period,  which  was  evident  in  both  diastolic  and  .sy.stolic  pre.ssure,  was 
sub.stantially  eliminated  by  the  concurrent  administration  Pitre.ssin  at  all 
three  do.se.s.  The  detailed  responses  to  the  three  do.ses  of  pitressin  were  not 
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1—  CONTROL 

2- OCA 


12345  12345  12345  12345 


3!^Doy  8‘‘i'Day  Kt^Day  22^^^'Doy 

Fig.  1.  The  rise  in  lilood  pressure  in  uninephreetoniized  rats  given  DCA  and  saline 
with  aiifl  without  the  twice  daih'  injection  of  small  amounts  of  jiitressin  tannate  in  oil. 
Vertical  lines  indicate  the  standard  error. 


significantly  dilTerent  from  one  anotlier  except  that  the  40  mU  do.se  ap¬ 
peared  to  elevate  the  blood  pressure  on  the  8rd  day.  This  is  not  particularly 
important  since  it  was  not  .substantiated  in  Experiment  .4. 

The  acceleration  of  the  rate  of  rise  of  blood  pre.ssure  by  pitre.ssin  was  not 
accompanied  by  any  con.sistent  or  significant  alteration  of  the  curve  for 
plasma  Xa  ri.se  or  K  fall  which  is  ordinarily  associated  with  DCA  action 
although  there  was  a  trend  for  K  to  be  elevated  by  the  pitre.ssin  treatment. 
Terminally,  the  increa.se  in  extracellular  fluid  volume  following  DCA  was 
exaggerated  in  all  Pitressin  treated  groups.  Heart  mass  was  uniformly 
increased  in  all  the  hyperten.sive  groups  in  conformity  with  their  conver¬ 
gent  blood  pressures  at  termination.  All  groups  gained  weight  equally  well. 

The  effect  of  5  mU  of  pitressin  tannate  given  twice  daily  as  in  group  8 
was  tested  .separately  in  rats  not  under  DCA  treatment  (Table  1).  Blood 
pressure  was  measured  on  the  8th  day  and  again  at  4  hourly  intervals  on 
the  1.5th  day  of  treatment.  Xo  effect  was  observed,  showing  that  this  dose, 
although  definitely  capable  of  accelerating  DCA-hypertension  within  this 
period  is  well  below  the  pre.ssor  level  when  given  alone. 
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Tablk  1.  The  lack  of  EKFErx  of  5  inE  Pitressin'  taxxate  ixjeftei) 

SI  BC'l  TAXEOl  SLY  TWICE  DAILY  OX  BLOOD  PRESSCRE  IX  IXTACT  HATS 


niood  prc.^ssurc,  min.  Hg 

Control 

Pitr 

cssin  tanmitc 

Systolic 

1  liastolic 

Mean 

Systolic 

1  liiistolic 

■Mean 

8tli  (lily 

1I8±2 

t)8±  1 

88+2 

120  ±3 

00+  1 

8.5  +  2 

1.5th  (lav 

1  hr.  po.'it  injn. 

1 2,5  +  3 

7 .5  +  2 

1t3  +  2 

127  +  1 

73+2 

04+2 

2  hr.  post  injn. 

124+3 

74  +  2 

1(2  +  1 

122  +4 

72  ±3 

04+4 

3  hr.  post  injn. 

11.5+3 

tit»  +  3 

90+4 

113±3 

(i4  +  3 

80+3 

4  hr.  post  injn. 

123  ±2 

7t)  ±  1 

02+2 

120+3 

71  ±3 

iU)  +  3 

No.  of  animals 

8 

8 

Experiment  2.  The  Ejj'ect  of  Xeurohypoplujseal  Denervation  on  the  Blood 
Pressure  Rise  Indueed  During  3  llWA’s  of  D('A  Treatment 

Four  groups  of  10  uiiiuephrectomized  rats  each  were  used  for  this  experi¬ 
ment.  (Jroup  1  served  as  untreated  control  wliile  the  remaining  3  groups 
received  DCA  with  saline  as  described.  CJroup  2  was  not  additionally 
treated.  (Jroups  R  and  4  were  preselected  by  gavage  test  for  the  presence  of 
diabetes  insipidus  following  neurohypophyseal  denervation  performed  3 
weeks  earlier  (o).  (Iroup  R  was  not  additionally  treated;  (Jroup  4  received 
partial  neurohypophyseal  replacement  with  0  mU  Pitressin  tannate/lOO 
gm.  twice  daily.  Blood  pre.ssure  was  mea.sured  in  all  animals  on  the  Sth, 
14th  and  22nd  days  of  the  experiment  and  the  findings  are  shown  in 
I'igure  2. 

The  DCA  treated  (Iroup  2  showed  the  usual  type  of  blood  pressure  rise. 
As  anticipated,  the  latent  phase  was  exaggerated  in  (Jroup  3  which  entered 
the  experiment  without  neurohypophyseal  function.  It  was  almost  ob¬ 
literated  in  (Jroup  I  which  received  partial  neurohypophyseal  replacement. 
Blood  pre.ssure  in  both  diabetic  groups  later  reached  the  same  level,  some¬ 
what  below  that  of  (Jroup  2,  at  the  end  of  the  Rrd  week.  It  is  probable  that 
this  convergence  reflects  the  inadeipiacy  of  the  replacement  dose  used, 
'riuis,  the  average  daily  water  intake  per  100  gm.,  mea.sured  over  the  last  o 
day.s  of  the  experiment  was  1 1.O+O..0  for  the  controls,  20.o±().S  for  the 
DCA-treated  group  2  and  00.1  +R.1  for  the  DCA-treated  diabetic  group  R, 
reduced  only  to  44. o  ±  l.S  by  the  u.se  of  Pitre.ssin  in  (Jroup  4. 

Experiment  3.  The  Ejfeet  of  Pitressin  on  the  Blood  Pressure  Rise  Induced 
During  6  IFccA's  of  DP  A  Treatment 

Four  groups  of  10  uninephrectomized  rats  each  were  u.sed  for  this  experi- 
aient.  CJroup  1  served  as  untreated  control  while  the  remaining  3  groups 
received  DCA  with  saline  as  described.  (Jroup  2  received  no  further  treat- 
nent  while  groups  8  and  4  received  .subcutaneous  injections  of  Pitres.sin 
‘annate,  10  or  100  milliunits  twice  daily  respectively.  Blood  pressure  was 
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1  -  CONTROL 

2-  OCA 

3-  DCA.  OIAB  INSIPIDUS 

4-  DCA,  OIAB.  INSIPIDUS,  6mU  PIT  TANNATE /lOOgm  2  x  DAY 
*  -  P  <0-02 


o  60'  1234  1234  1234 


8^-day  l4tDcloy  21-day 

Fig.  2.  The  rise  in  blood  prossun*  in  uninophroctoinizod  rats  ^ivon  D(’.\  and  salino 
in  the  j)resenee,  absenee,  or  partial  replacement  of  neuroliyi)oi)hyseal  function  (0  ml 
pitressin  tannate/lOO  Rm.)  Absenee  of  neurohypophyseal  function  was  determined  by 
the  presence  of  diabetes  insii)idus  (D.l.)  before  the  start  of  the  experiment.  Wrtieal 
lines  show  the  standard  error. 

mea.sured  on  the  lird,  Stii,  14th,  2Sth  and  liOth  day.s  of  the  experiment.  The 
experiment  wa.s  terminated  on  tlie  42nd  day. 

Following  DCA  treatment  dia.stolie  blood  pres.sure  rose  in  the  normal 
manner  with  the  characteristic  delay  in  onset  (Fig.  .4).  As  in  the  first  experi¬ 
ment,  Pitressiti  abolished  the  latent  period  .so  that  blood  pre.s.sure  rose 
smoothly  right  from  the  start.  This  effect  of  Pitre.s.sin  was  as  well  defined 
with  10  as  with  100  milliunits.  As  before,  l)lood  pressure  levels  converged  in 
the  period  following  the  latent  phase  and  then,  surpri.singly,  in  the  later 
stage  of  the  experiment,  pressure  tended  to  decline  in  the  I’itressin  treated 
groups. 

Of  the  terminal  mea.surements  (Table  2)  only  the  reversal  by  Pitressin  o* 
the  DC.\-induced  fall  in  plasma  and  extracellular  K  is  striking  in  botl 
Croups  .4  and  4.  This  effect  was  also  evirlent  as  a  trend  in  Fxperiment  1 
The  exaggeration  of  the  extracellular  fluid  volume  increase  noted  in  th< 
first  experiment  is  .seen  here  only  in  Croup  4.  No  consistent  organ  weigh 
pattern  was  noted  except  for  the  increase  in  heart  ma.ss  which  conformed  t< 
the  final  blood  pre.ssure  levels. 
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Fig.  3.  The  rise  in  blood  pressure,  shown  as  difference  from  controls,  in  uninephrecto- 
inized  rats  given  DCA  and  saline  with  and  without  pitressin  tannate  over  a  prolonged 
period.  Vertical  lines  shown  the  standard  error  for  the  control  data. 


DISCUSSION 

These  experiment.s  provide  a  consistent  demonstration  of  the  fact  tliat 
the  delay  period  between  the  administration  of  DCA  and  the  onset  of  a 
diastolic  pre.s.sure  ri.se  in  the  rat  is  in  part  a  function  of  the  level  of  circulat¬ 
ing  neurohypophyseal  material.  Thus,  the  delay  is  prolonged  in  the  com¬ 
plete  absence  of  neurohypophy.seal  function  (diabetes  insipidus)  and  abol¬ 
ished  by  the  concurrent  administration  of  small  do.ses  of  pitre.ssin.  The 
smallest  dose  used  in  these  experiments  was  o  mU  given  twice  daily  to 
animals  ranging  from  80  gm.  to  a  final  weight  of  about  100  gm.  Since  this 
dose  was  as  effective  as  any  of  the  larger  do.ses  u.sed  we  may  infer  that  it  is 
at  the  top  of  the  dose-respon.se  curve.  Even  so,  this  dose  is  below  the  re- 


T.\bi,e  2.  The  tehmi.nai.  effects  (42  d.ays)  of  citkessi.n  treat.me.nt  o.\  1)C.\ 

I.NUCCED  CHANGES  IN  Xa,  K  AND  WATER,  AND  ON  CERTAIN  ORGAN  WEIGHTS. 

The  calculation  of  significance  is  li.mited  to  this  comparison 


Control 

DCA 

DCA +  10  mU 
jiitressin  tannate 

DCA +  100  inU 
pitressin  tannate 

Plasma  Na,  m.eq./l. 

154.3  +  1.4 

153.1  +  1.6 

152.3  +  1.3 

154.4  ±  0.9 

Plasma  K,  m.eq./l. 

4.19+  0.15 

2.81 ±  0.13 

4.29+  0.17** 

3.751  0.22** 

e.c.f.v.,  ml./lOO  gm. 

22.4  ±  0.7 

23.1  ±  0.5 

22.9  ±  0.5 

25.5  ±  0.5  ** 

cc.X’a,  m.eq./lOO  gm. 

3.47+  0.12 

3.54+  0.07 

3.49+  0.09 

3.93+  0.10** 

.  .c.  K,  /i.eq./lOO  gm. 

95  +5 

65  ±  3 

98  +4  ** 

95  +6  ** 

'leart,  mg./lOO  gm. 

287  +  4 

382  ±10 

328  +18  ** 

346  +10  * 

'\idnev,  mg./lOO  gm. 

631  +15 

756  +24 

700  +24 

770  ±  29 

\drenal,  mg./lOO  gm. 

16.1  +  1.1 

16.3  +  1.0 

16.6  +  1.1 

16.7  ±  1.3 

inal  bodv  wt.,  gm. 

207  +  8 

235  +  9 

230  ±  8 

207  +  8 

■.’o.  of  animals 

10 

10 

10 

10 

±  =  standard  error. 
*  =  p  <0.05. 
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placement  requirement  of  the  rat  with  diabetes  insipidus.  We  may  conclude 
then  that  if  the  DCA  treated  rat  were  secreting  vasopressin  at  the  same 
rate  as  the  normal  rat,  or  even  at  a  lesser  rate  ecjual  to  the  5  mU  dose,  there 
would  be  no  latent  period  in  the  onset  of  DC'A  hypertension.  We  are  evi¬ 
dently  dealing  with  a  true  synergism  of  effect.  These  findings  were  antici¬ 
pated  by  the  theoretical  view  that  mineralocorticoid  and  neurohypophy.s- 
eal  functions  are  linked  in  a  “see-saw”  or  reciprocal  arrangement. 

Twenty  years  ago  Selye  and  Bassett  (7)  first  noted  that  during  the  first 
week  or  so  of  DCA  administration  in  rats  there  is  a  considerable  polyuria 
which  later  tends  to  abate.  The  present  experiments  attribute  this  effect  to 
a  homeostatic  decrease  in  neurohypophyseal  function  and  support  our 
theoretical  supposition  that  the  rate  at  which  DC.V  hypertension  develops 
reflects  the  efficiency  of  this  compensatory  inhibition  (S). 

These  experiments  add  to  the  extensive  literature  favoring  a  reciprocal 
relation  between  the  neurohypophysis  and  the  mineral  regulating  activity 
of  the  adrenal.  Both  glands  favor  the  retention  of  sodium  in  the  cell  (2,  8) 
and,  indeed,  small  doses  of  vasopressin  can  partially  restore  the  impaired 
ability  of  the  adrenalectomized  rat  to  perform  work  (9).  Further,  the  re¬ 
moval  of  one  function  tends  to  result  in  compensatory  hyperactivity  of  the 
other.  Winter,  Ingram  and  Cross  (10)  and  later  Corey  and  Britton  (11) 
long  ago  suggested  that  the  familiar  changes  in  plasma  electrolytes  follow¬ 
ing  adrenalectomy  were  at  least  partly  referable  to  heightened  neurohypo¬ 
physeal  function.  This  thesis  was  sjipported  by  reports  of  an  increase  in 
some  (unidentified)  circulating  antidiuretic  material  in  adrenal  insuffi¬ 
ciency  (12,  18).  Conversely,  in  diabetes  insipidus,  the  redistribution  of  salt 
and  water  between  cells  and  environment  is  in  large  part  referable  to 
heightened  adrenal-like  activity  (.5)  and  histological  evidence  of  adrenal 
hyperactivity  has  been  presented  (14).  Finally,  the  present  experiments 
have  shown  indirectly  that  the  neurohypophysis  is  actively  inhibited  by  the 
administration  of  DC.V. 

The  final  result  of  any  neurohypophyseal-mineralocorticoid  association 
is  additionally  conditioned  l)y  the  kidney.  There  is  ample  evidence  that 
larger  doses  of  vasopressin,  being  natriuretic,  oppose  the  salt  retaining 
function  of  the  adrenal  (1),  so  that  the  final  pattern  of  salt  and  water  dis¬ 
tribution  will  depend  on  whether  the  renal  or  extrarenal  effect  of  the 
neurohypophysis  predominates.  This  distinction  may  apply  to  the  present 
observation  that  the  prolonged  administration  of  pitressin  with  DC.V 
finally  ends  by  opposing  the  hypertension  although  clearly  there  is  a  .syner¬ 
gism  of  effect  in  the  early  phase.  Pitressin  tannate  in  oil  unfortunatel> 
tends  to  accumulate  so  that,  as  the  experiment  progressed,  the  animah 
were  undoubtedly  subjected  to  high  rather  than  low  doses.  We  have  else 
where  demonstrated  that  high  doses  of  Pitressin  lower  DC.4-induce(. 
hypertension  as  a  consequence  of  the  predominant  natriuresis  (15).  Furthei 
studies  on  this  interrelationship  are  obviously  necessary. 
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GROWTH  AND  THE  HYPOTHALAMUS* 

SEYMOUR  HEICIILIX 

Departments  of  Medicine,  Psychiatry  and  Preventive  Medicine,  Washington 
I’niversity  School  of  Medicine,  St.  Louis,  .Missouri 

AHSTRAC”!' 

Following  certain  hypothalamic  lesions  growth  in  rats  is  impaired.  The 
localization  of  lesions  responsible  for  this  effect  and  the  relation  of  growth  im- 
|)airment  to  well  recognized  lesion-induced  endocrine  deficiencies  were  studied 
in  this  experiment.  Linear  growth,  tihial  length  and  body  weight  chang(‘  were 
measured  in  71  male  rats  with  hypothalamic  lesions  of  various  sizes  and  posi¬ 
tions.  Comparison  was  made  with  71  paired  control  and  30  ad  libitum  fed 
animals.  In  certain  subgroups  “plnsiologic”  rei)lacement  doses  of  L-thyroxine, 
corticosterone,  DCA,  testosterone  jiropionate  and  Pitressin  were  administered. 
Relatively  small  lesions  in  any  position  wen*  found  to  cause  little  growth  dis¬ 
turbance,  while  large  lesions  reduced  growth  rate  to  levels  significantly  below 
that  of  paired  controls.  The  most  effective  lesions  were  massive  ones  involving 
the  anterior  half  of  the  median  eminence.  .Vlthough  j)osterior  lobe  insufficiency 
and  atrophy  of  the  thyroid  and  the  gonads  were  observ(‘d,  lack  of  these  hor¬ 
mones  was  not  the  cause  of  growth  impairment  since  the  defect  persisted  in 
spite  of  substitution  treatment.  Evidence  was  cited  which  suggests  that  adrenal 
dysfunction  could  also  be  excluded  as  a  cause  of  poor  growth.  Based  on  this 
indirect  evidence  and  on  data  in  the  literature  the  suggestion  was  advanced 
that  growth  hormone  secretion  is  deficient  in  rats  with  hj'pothalamic  lesions. 

IX  SEVERAL  recent  papers  the  suggestion  has  been  made  that  the 
liypothalamus  is  involved  in  the  regulation  of  growth  hormone  secretion 
in  a  manner  analogous  to  the  control  it  exerts  over  other  anterior  pituitary 
hormones.  This  view  is  based  on  a  number  of  indirect  lines  of  evidence  from 
experiments  in  rats;  growth  impairment  follows  hypothalamic  lesions 
(14),  the  in.sulin  hypersensitivity  caused  by  lesions  is  corrected  by  growth 
hormone  administration  (o)  and  the  tibial  epiphysial  width  is  increased  by 
treatment  with  Pitressin  ((i).  Direct  evidence  of  hypothalamic  regulation  of 
growth  hormone  secretion  has  not  been  adduced,  however,  nor  has  the 
anatomical  region  of  the  hypothalamus  responsible  for  this  effect  been 
identified.  This  experiment,  an  extension  of  a  previous  study  (4),  was  done 
in  order  to  determine  the  localization  of  lesions  re.‘<pon.sible  for  growth  im¬ 
pairment  in  rats,  and  the  relation  of  growth  impairment  to  the  well  estab¬ 
lished  endocrine  deficiencies  that  follow  hypothalamic  destruction. 

METHODS 

.Male  albino  (Holtzmann)  rats  wore  used.  They  were  housed  singly  in  a  temperature' 
eontrolled  room  at  26  +  1°  C,  exposed  to  constant  periods  of  illumination  and  darkness, 
and  offered  water  ad  libitum.  Lesions  were  made  with  the  aid  of  the  Krieg-Johnson 
stereotaxic  instrument  as  previously  described  (4).  Sham  operated  control  rats  were 

Received  March  14,  1960. 

*  Supported  by  Grant  BS34,  United  States  Public  Health  Service. 
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prepared  by  inserting  the  eleetrode  into  the  brain  to  a  depth  of  2  mm.  without  passage* 
of  current.  In  all  experiments  a  control  rat  was  paired  with  each  lesion-bearing  rat  from 
the  time  of  operation,  and  the  daily  food  intake  of  the  rat  with  the  lesion  measured.  .V 
like  amount  was  offered  to  the  control  member  of  the  pair,  so  that  in  every  case  the 
animal  with  the  lesion  consumed  the  same  as  or  more  than  the  control  animal. 

Growth  was  determined  by  serial  measurements  of  nose-tail  length  in  the  etlu'r- 
anesthetized  animals  and  by  measurement  of  tibial  length.  Tibial  length  was  nu'asured 
directly  from  the  cleaned  bones  by  vernier  calipers  or  indirectl}'  by  measurement  of 
x-rays  of  the  legs  taken  by  a  standardized  technicpie.  .\t  the  end  of  the  experiment  the 
animals  were  killed  by  ether  anesthesia.  The  brains  were  removed,  fixed  in  10%  for¬ 
maldehyde,  embedded  in  celloidin,  cut  in  serial  sagittal  or  frontal  sections  at  20  or  40 
niju  and  stained  with  hematoxylin  and  eosin.  In  one  experiment  the  rats  were  perfused 
through  the  abdominal  aorta  at  the  time  of  death  with  an  India  ink  suspension  as  i)re- 
viously  described  (4);  the  brain  and  pituitary  were  removed  and  (‘xamined  en  bloc  prior 
to  embedding.  Kndocrine  organs  were  removed  and  weighed,  the  gonads  on  a  triple 
heam  balance,  the  pituitaries,  adn'iials  and  thyroids  on  a  torsion  balance  accurate  to 
0.1  mg. 

Various  endocrine  replact'ment  treatnu'iits  were  utilizi'd.  These  included  an  adrenal 
steroid-testosterone  combination,  i.-thyroxine  and  Pitressin.  .V  dose  of  adrenal  steroids 
which  maintains  normal  growth  rate  in  adrenalectomized  rats  was  determined  in  another 
study  to  be  corticosterone,'^  1.44  mg.  and  1)C.\,  0.43  mg.  i)er  100  gm.  body  weight  ix'r 
day  (7).  Testosterone  projiionate,  100 /ig.  i)er  100  gms.  body  weight  pc'r  day  is  reported 
to  support  normal  growth  in  gonailectomized  rats  (8).  i.-thyroxine,  5  /ig./ 100  gms.  bodj- 
weight  per  day  was  thought  to  rei)resent  an  ajjproximate  “physiologic”  rei)lacement 
dose,  an  estimate  based  on  the  following  considerations:  “The  dail}’  requirements  of  a 
200  gm.  rat  for  thyroid  hormone  is  of  an  activity  c(iuivalent  to  about  10  of  L-thy- 
roxine”  (9);  o/xg./daj-  of  /-thyroxine  inhibited  goiter  formation  in  90-140  gm.  rats  kept 
at  about  25®  C  (10);  3jLtg.  dayof  DL-thyroxine  supported  normal  growth  in  rats  thyroid- 
ectomized  at  51  gms.  body  weight  (11).  The  hormones  were  suspended  in  an  aqueous 
vehicle  of  the  following  composition:^  sodium  carboxymethylcellulose  0.5%,  sodium 
chloride  0.9%,  benzyl  alcohol  0.9%,  and  Tween  80 — 0.4%.  volume  of  0.2  ml.  100 
gms.  body  weight  was  administered  intraperitoiu'ally  once  daily.  With  a  100  microliter 
syringe  Pitressin  tannate^  in  oil  was  injectc'd  once  daily  into  the  gastrocnemious  muscle 
in  amounts  sufficient  to  control  diabes  insipidus  (50  to  150  ml’). 

Three  series  of  pn'parations  were  made  in  an  attempt  to  localize  the  anatomical 
lesion  responsible  for  the  effects  on  growth.  The  location  and  size  of  lesions  was  varied 
by  different  electrode  positions,  current  parameters,  and  area  of  exposed  electrode.  The 
series  differed  also  in  certain  details  of  rejilacement  therapy. 

Experiment  I 

In  this  experiment  alterations  in  adrenal  cortical  function  as  a  cause  of  abnormal 
growth  after  hyjmthalamic  lesions  was  excluded  by  removing  the  adrenals  from  the 
brain  damaged  animals  as  w(‘ll  as  from  their  paired  controls.  .V  fixed  supi)lement  of 
adrenal  st(‘roids  was  then  provided  by  inj(*ction.  .Vdn>nalectomy  was  carried  out  first, 
and  lesions  jdaced  on  the  following  two  days,  .\nimals  were  assigned  to  the  following 
groups: 

Group  .1 ;  .\drenalectoniiz(‘d -|-hy|)othalamic  lesion  (22  rats);  I’sing  a  current  of  3  M.\ 

*  Kindly  supplied  by  Dr.  Nicholas  K.  C’apeci,  Merck,  Sharp  and  Dohme,  West  Point, 
Pennsylvania. 

®  Formulation  of  vehicle*  suggested  by  Dr.  Nicholas  E.  Capeci. 

^  Kindly  sujjplied  b}-  Dr.  1).  E.  McGinty,  Parke,  Davis  &  Company,  Detroit,  .Michi¬ 
gan. 
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for  20  seconds  a  single  pair  of  bilaterally  symmetrical  lesions  0.4  mm.  to  each  side  of  the 
midline  were  made.  The  electrode  was  raised  0.8  mm.  from  the  base  of  the  skull  to  avoid 
portal  vessel  damage  and  0.5  mm.  of  the  electrode  tip  was  bared.  Four  anterior-posterior 
positions  were  chosen  (at  bregma,  1,  2,  and  3  mm.  posterior  to  bregma)  to  encompass 
areas  from  the  pre-optic  to  the  mammillary  body.  In  order  to  accommodate  small  rats 
of  weight  as  low  as  100  gm.,  the  stereotaxic  instrument  was  modified  by  use  of  a  head- 
holder  designed  for  the  mouse  by  the  Johnson  Scientific  Instrument  Co. 

Group  B:  Adrenalectomized,  sham  lesion  control,  paired  to  above  (22  rats). 

Group  C:  .Vdrenalectomized,  sham  lesion,  fed  ad  libitum  (7  rats). 

Group  D:  Sham  adrenalectomized,  sham  lesion,  fed  ad  libitum  (7  rats). 

Croups  .\,  B  and  C  all  received  a  dailj'  injection  of  vehicle  containing  testosterone, 
DC.V,  corticosterone  and  thyroxine. 

Experiment  II 

Group  .1;  Hypothalamic  lesions  (14  rats). 

I'sing  a  currentof  3  for  .30  .seconds  one  pairof  bilaterally  symmetrical  hypothalamic 
lesions  was  produced  with  1  mm.  of  electrode  exposed.  'I'he  electrode  tip  was  jjlaced  0.5 
mm.  lateral  to  sagittal  sinus,  0.5  mm.  from  base  and  in  one  of  4  anterior-posterior  posi¬ 
tions  (at  bregma  and  1,  2.  and  2.5  mm.  post-bregma).  In  a  few  of  the  animals  the  elec¬ 
trode  tip  was  placed  2  mm.  post-bregma,  1.2  mm.  laterally  and  at  the  base  level.  Ani¬ 
mals  were  injected  with  thyroxine  and  testosterone  daily. 

Group  B:  Sham  lesions  paired  with  Group  .\,  not  injectt'd  with  thyroxine  and  testo¬ 
sterone  (14  rats). 

Group  C:  Sham  lesions  fed  ad  libitum  (8  rats). 

Experiment  III 

Two  pairs  of  bilateralh-  symmetrical  hypothalamic  lesions  were  placed  in  each  rat; 
the  first  1.0  mm.  post-bregma,  0.5  on  each  side  and  0.3  mm.  up  from  base;  the  second 
2.0  mm.  post-bregma,  0.8  mm.  to  each  side  and  0.3  mm.  up  from  base.  The  electrode  tip 
was  bared  1.0  mm.,  and  current  of  3  M.\  was  used  for  30  seconds.  Following  the  opera¬ 
tion  the  animals  were  divided  into  four  treatment  groups.  Since  diabetes  insipidus  was 
irregularly  produced  in  these  animals  care  was  taken  to  i)lace  an  ecpial  number  in  each 
grouj). 


Croup  .\i~  thyroxine,  testosterone,  Pitressin  (  8  rats) 

Croup  A  > — thyroxine,  testosterone  (10  rats) 

Croup  C| — Pitre.ssin  (  7  rats) 

Croup  (^j — no  hormone  replacement  (10  rats) 


Each  animal  in  Group  A i  and  C’l  was  given  Pitressin  whether  or  not  diabetes  insipidus 
was  present.  Appropriate  paired  controls  were  prepared  for  animals  with  lesions  and 
designated  as  Bi  and  B2  (paired  with  .\i  and  Aj)  and  Di  and  D2  (paired  with  C'l,  (’2). 
Paired  controls  in  each  instance  were  given  hormone  treatments  identical  to  the  lesion¬ 
bearing  animals.  In  addition,  a  control  group  designated  E  was  sham  ojterated,  fed 
ad  libitum  and  given  no  injections. 


RESULTS 

1 .  The  Effect  of  H ypothalamie  Lesions  on  Linear  Growth 
Experiment  I 

Small  le.sion.s  were  placed  sufficiently  far  above  the  base  so  as  to  avoid 
direct  involvement  of  the  primary  portal  plexus  or  pituitary  .stalk  and  full 
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replacement  with  adrenal  steroitls,  te.stosterone  and  thyroxine  was  {^iven. 
Mean  linear  growth  in  the  rats  with  lesions  was  scarcely  less  than  that  of 
I  paired  controls  (Table  1),  and  the  difference,  though  statistically  significant 
[j  when  calculated  by  the  method  of  pair  differences,  is  not  meaningful  in  view 

[j  of  the  fact  that  the  control  groups  C  and  I)  had  growth  rates  equal  to  or  less 


Table  1.  (Jkdwth,  tibial  length  and  okgan  weights  in 

RATS  WITH  HYPOTHALAMIC  LESIONS 


i:«r 


Body  Weight 
No.  of  Initial  Final 
Animali  gms.  ama. 


Interval 
Between 
Operation 
and  Death 

day» 


Linear  Growth  ^ 


Pituitary 

Tibial  Length  Weight  Adrenal  Wt. 

cm.  S.E.  mg.  i  S.  E.  mg.  t  s,  E. 


A.  2  s  all  bilateral 

Ictomi  d*  22 

^  Sh«  lesioni, 
paired  ontrol. 
adren.!  ctomized*  22 

C  Shan>  lesions,  ad- 
libitun  fed  control, 
adrenciiectomized**  7 

0.  Sham  lesions,  ad- 
Ubitum  led  control. 

»>iani  aarenalectomy  7 


110  207  U 

110  212  18 

119  2J0  18 

122  214  18 


0.39  .01 

0.41  .01 

0.39  .01 

0.17  .01 


U. 

A.  2  Urge  bilateral 

lesions"**  14 

B.  Sham  lesions, 

paired  control  14 

C.  Sham  lesions, 

ad'libiliim  fed  9 


118  202  21 

114  223  21 

108  235  21 


0.24  .03  0.  33  .01 

0.29  .01  0.15  .01 

0.4b  .02  0.41  .02 


3.42  .03 

1.  50  .  02 

3.56  .02 


m. 

^  4  Urge  bilateral 

1.  thyronine,  testos¬ 
terone.  Pitressin  8 

2.  thyroxine,  testos¬ 
terone  10 

Sham  lesion. 

paired  control 

1.  thyroxine,  testos¬ 
terone.  Pitressin  8 

2.  thyroxine,  testos¬ 
terone  10 

C  4  large  bilateral 

1.  Pitressin  7 

2.  No  hormone  10 

0.  Sham  lesion. 

paired  control 

1.  Pitressin  7 

2.  No  hormone  10 

^  Sham  lesion,  ad-lib 

fed.  no  hormone 

treatment  12 


129  237  22-26 

125  199  22-26 

123  288  22-26 

128  249  22-2b 

130  264  22-26 

127  236  22-26 

1  33  292  22-26 

132  270  22-26 

129  310  22-26 


0.20  .01  0.19 

0.16  .01  0.20 

0.30  .01  0.29 

0.  30  .02  0.23 

0.15  .03  0.16 

0.1b  .02  0.  1  3 

0.27  .01  0.27 

0.27  .02  0.23 

0.31  .01  0.32 


.01  3.60  .04 

.01  3.b4  .04 

.01  3.7b  .03 

.02  3.70  .03 

.02  3.50  .05 

.01  3.50  .04 

.01  3.b9  .03 

.02  3.71  .03 

.02  3.79  .02 


4.2  .4  24.1  2.6 

4.5  .  5  26.5  2.7 

7.4  .6  42.9  1.9 

b.7  .  5  42.0  1.6 

4.1  .3  25.0  5.0 

3.7  .4  18.1  2.0 


7.0  .4  40.8  2.2 

7.1  .5  41.4  1.9 

8.2  .  3  44.4  .9 


Esperimert  I, 

A  vs.  B 
K  *  B  vs.  C 
Eiperiment  II  . 

A  vs  B 
B  vs.  C 
Eiperiment  III. 

A,  vs.  B, 

A.  vs. 

Cl  vs.  Di 
C  vs.  D» 


Statistical  Comparison  (P  Values) 


<  .05* 

<  .001 

<  .  001 
<  .  001 
<  .  001 
<  .01 


<4 

<.001 

<.001 
<  » 
<.001 
<.001 


<05 

<  -i 

<01 
<.4 
<01 
<.  001 


<.001 

<.05 

<.001 

<.01 

<.001 

<.001 


<.001 

<.001 

<.001 

<.001 


A.  »  A^  vs.  C,  ♦ 

\  *  Cl  vs.  Aj  ♦  C^ 

B.  «  B>  *  l>i  *  Dj  vs.  F. 


*  Trilled  with  testosterone,  thyroxine,  corticosterone  and  OOC.A  supplement 
**  T  e  lied  with  corticosterone.  OOCA  and  testosterone  supplement 

T  '-ated  with  testosterone  and  thyroxine  supplement 

*  ('  cul.tted  by  method  of  pair  dificremes 

t  1-  Experimcat  11  and  lUPcriod  1  is  8*12  days  long.  Period  II  is  10-12  days  long. 

Stai  ilard  errors  and  statistical  I'onipjirisons  were  ealeulated  according  to  inethoils 
tail  by  Snedecor  (24). 


Thyroid  Wt.  Gonad  Wt. 
mg.  i  S.  E.  gin.  I  S.  E. 


14.2  .5 

14.8  .7 

18.8  1.5 

17.6  l.l 


13.4  .6 

12.5  1.2 

15.1  1.5 

15.6  1.3 

14.4  .9 

14.1  1.2 

19.4  .4 

18.9  1.4 

21.8  1.1 

<.9 

<•01 


<-  3 
<.  1 
<.001 
<.02 

<.  3 

<.001 


2.72  ,03 


2.62  .06 


2.72  .07 


2.90  .06 


0.82  26 
0.83  .23 

3.19  .08 

2.93  .06 

1.81  .47 

1.21  .42 


3.22  .09 

3.10  .06 


3.17  .07 


<.2 

<.6 


<.001 

<.001 

<.001 

<-001 


<9 


desdrilied  in  de 
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than  that  of  the  group  with  lesions.  Growth  rate  in  onlyli  of  the  “22  animals 
with  lesions  fell  outside  of  the  mean  of  paired  controls  minus  two  standard 
deviations.  None  of  the  paired  controls  fell  outside  the  two  standard  devia¬ 
tion  range.  It  is  of  interest  that  the  replacement  hormone  treatment  used 
permitted  normal  growth  rate  as  measured  both  by  change  in  lengtli  and 
change  in  body  weight. 

Expcrimoit  II 

In  the  first  series  relatively  small  lesions  in  various  parts  of  the  hypothal¬ 
amus  which  spared  the  median  eminence,  pituitary  stalk  and  primary 
plexus  failed  to  interfere  with  growth  in  adrenalectomized  rats  maintained 
on  corticosterone,  DCA,  thyroxine  and  testo.sterone.  A  second  set  of  ani¬ 
mals  was  therefore  prepared  in  which  more  extensive  hypothalamic  de¬ 
struction  was  produced.  Thyroxine’  and  testosterone  supplements  were 
administered  tothe  rats  with  lesions,  but  the  animals  were  neither  adrenal¬ 
ectomized  nor  given  adrenal  steroid  treatment. 

In  these  animals  as  in  the  first  experiment  only  small  mean  differences  in 
growth  were  noted  (Table  1).  Linear  growth  in  the  immediate  post -opera¬ 
tive  period  (8-12  days)  was  significantly  less  in  rats  with  lesions.  By  the 
third  week,  however,  difference  in  mean  growth  rate  had  decreased  and  was 
not  significant  statistically.  At  death  the  difference  in  tibial  length  between 
the  group  with  lesions  and  their  pairs  was  significant  stati.stically  though  of 
slight  magnitude.  Three  individual  rats  had  .substantial  growth  reduction 
and  they  will  be  discu.s.sed  below  in  the  section  on  neuroanatomical  correla¬ 
tions. 

Experiment  III 

From  the  foregoing  experiments  it  was  apparent  that  relatively  limited 
areas  of  destruction  in  the  hypothalamus  in  various  locations  had  only 
small  effects  on  growth  rate.  In  order  to  determine  the  maximum  degree  of 
growth  impairment  that  could  be  cau.sed  by  hypothalamic  destruction, 
massive  lesions  were  produced  in  a  third  .series  of  animals.  The  occurrence 
of  diabetes  insipidus  in  most  of  the  rats  made  it  necessary  to  evaluate  the 
effect  of  ADH  deficiency  on  growth;  this  was  done  by  giving  Pitre.ssin 
replacement  to  certain  subgroups.  Thyroidal  and  gonadal  deficiencies  as 

*  The  adpcjuapy  of  thyroxinp  rpplappnipnt  was  evaluatod  as  follows: 

Plasma  protpin  hound  iodinp  was  nipasurpd  (Bio-Spipiipp  Laboratorips)  on  pools  of 
plasma  from  rats  in  Expprinipnts  II  and  III.  In  Expprinipnt  II  valups  of  3.0,  3.1  and  2.S 
Hf’.%  wpre  obtainpd  from  tluToxinp  trpatpd  rats  with  antprior,  middip  and  postprior 
damagp,  rpsppptivply.  Thpsp  may  bp  pomparpd  with  pontrol  values  of  3.1,  4.1  and  3.7 
fig.%.  In  Experiment  III  rats  with  lesions  had  values  of  2.1  and  2.2  mK-%  as  eompared 
with  pontrols  of  4.2  and  3.4  mK.%-  I  sc  of  thyroxine  supplements  led  to  values  of  5.9 
and  6.3  as  compared  with  eontrol  values  of  4.4  and  4.1  Mg-%- 
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factors  contrihutins  to  growth  impairment  were  similarly  evaluated  hy 
injecting  certain  subgroups  with  thyroxine’’  and  testosterone.  (Jrowth  was 
found  to  be  significantly  impaired  in  all  groups  of  rats  with  lesions  regard¬ 
less  of  the  kind  of  .substitution  treatment.  Measurements  of  tibial  length  at 
death  provided  confirmatory  evidence  of  growth  impairment  in  all  groups 
with  lesions.  An  attempt  was  made  to  as.sess  the  importance  of  the  various 
replacement  regimens  on  growth  rate.  Pitressin-treated  rats  with  lesions 
(Jroups  Ai  and  Ci)  compared  as  a  group  with  brain  damaged  animals  not 
getting  this  therapy  (CJroups  A.,  and  C-.)  were  fouml  to  grow  more  rapidly; 
the  difference  was  very  slight  and  not  significant  statistically.  On  the  other 
hand,  groups  treated  with  thyroxine  and  testosterone  had  significantly 
faster  rates  of  growth  and  greater  tibial  length  than  those  of  rats  not  given 
these  hormones.  Restoration  to  normal  levels  was  not  accomplished,  liow- 
ever.  Mean  growth  rate  in  rats  with  lesions  was  o9.7%  of  the  rate  of  paired 
controls  during  the  first  and  ()().9%  during  the  .second  ob.servation  period. 
(Irowth  impairment  was  marked  in  certain  individuals:  in  fully  one-third  of 

Table  2.  Distribution  ok  orowtii  rates  in  3.5  rats  with  hykotiialamic  lesions 
(experiment  III)  EXPRESSED  AS  PERUENTAGE  OK  PAIRED  CONTROL  RATE 

20  30  31-40  41-50  5 1-00  01-70  71-80  81-00  01-100 

No.  of  iininial.s  1  0  3  11  8  8  1  3 

the  rats  with  lesions,  rate  of  lengthening  was  reduced  to  a  level  le.ss  than  the 
mean  of  paired  controls  minus  three  .standard  deviations.  Table  2  shows 
the  distributions  of  growth  rates  in  the  animals  with  lesions  calculated  as  a 
percentage  of  the  individual  paired  control  value.  This  table  will  be  u.sed  as 
a  guide  in  correlating  hypothalamic  damage  and  growth  impairment  in 
section  3  below. 

2.  Endocrine  Gland  Weights  in  Rats  with  H ypothalamie  Lesions 

In  con.sidering  the  significance  of  the  relationship  between  hypothalamic 
damage  and  impaired  growth  it  is  of  importance  to  evaluate  associated 
changes  in  other  endocrine  functions  (Table  1). 

In  the  fir.st  experiment  in  adrenalectomized  animals  with  small  lesions 
disturbance  in  growth  was  slight  and  barely  significant.  The.se  animals  had 
normal  gonad  size,  and  there  was  a  non-significant  difference  in  thyroid 
'ize  in  the  lesion  group  as  compared  with  paired  controls.  The  thyroxine- 
testosterone  supplement  cau.sed  a  .significant  decline  in  thyroid  weight  in 
both  sham  operated  rats  and  those  with  lesions. 

In  the  second  experiment  pituitary  weight  data  only  are  available.  Ani¬ 
mals  with  lesions  had  pituitaries  weighing  approximately  |  the  weight  of 
glands  from  either  paired  or  ad  libitum  fed  controls.  Since  the  lesion  group 
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had  supplementary  hormone  treatment  it  was  not  possible  to  eonclude 
from  this  study  alone  that  the  ehanjre  in  pituitary  weight  was  due  to  the 
lesion  and  not  the  hormone  treatment.  That  the  lesion  was  responsible  for 
the  change  in  pituitary  size  is  probable  from  the  results  of  l^xperiment  III, 
in  which  it  is  shown  that  the  hormone  regimen  se  per  does  not  influence 
hypophysial  weight. 

In  the  third  experiment,  animals  with  targe  lesions  had  significant  mean 
reductions  in  linear  growth  to  about  5  the  normal  rate,  and  mean  pituitary 
weight  was  also  reduced  to  approximately  §  the  control  size.  Adrenal  gland 
size  was  reduced  to  approximately  fl()%  of  the  normal.  The  gonads  were 
most  profoundly  affected  by  the  lesions,  severe  atrophy  being  apparent  in 
all  groups  with  lesions.  Significantly  reduced  thyroid  weight  was  also  noted 
in  these  animals  (74  and  S4%  of  the  weight  in  paired  control  groups).  That 
the  thyroxine-testosterone  supplement  inhibited  TSII  output  in  normal 
animals  is  inferred  by  comparing  thyroid  weight  in  treated  and  untreated 
controls.  The  treated  animals  had  glands  that  were  79%  as  large  as  the  un¬ 
treated  animals.  Thyroid  glands  from  hormone  treated  rats  with  lesions 
were  smaller  than  those  of  untreated  animals  with  lesions,  but  the  differ¬ 
ence  was  not  .significant  (P>0.2). 

Xcuroanatinnival  (Correlations 

Serial  .sections  in  .sagittal  or  frontal  planes  were  studied,  the  papers  of 
(lurdjian  (12),  Krieg  (13),  and  the  recent  atlas  of  Dedroot  (14)  being  used 
as  a  guide  to  the  anatomy  of  the  hypothalamus.  The  extent  of  the  le.sions 
was  plotted  and  note  made  of  damage  to  17  characteristic  and  specific 
.structures  in  the  diencephalon.  Hecause  of  space  limitations,  only  a  .sum¬ 
mary  of  the  histological  findings  can  be  presented. 

Experiment  I 

Lesions  were  distributed  throughout  the  hypothalamus  in  the.se  animals, 
except  that  the  median  eminence  was  completely  spared  in  all  but  three:  in 
these  there  was  only  slight  damage  to  the  extreme  rostral  end  of  the  pri¬ 
mary  portal  plexus.  As  noted  above  only  three  of  the  22  rats  with  le.sion> 
had  reduction  of  growth  to  less  than  that  of  the  mean  control  level  minu' 
two  standard  deviations.  This  repre.sents  only  minimal  growth  impairment. 
The  lesions  in  these  animals  were  no  different  in  .size  or  distribution  from 
those  of  others  with  normal  growth.  A  normal,  or  almost  normal  rate  of 
growth  was  noted  despite  the  bilateral  destruction  of  the  following  struc¬ 
tures  alone,  or  in  combination  with  other  le.sions.  Given  in  parenthesis  arc 
tlie  numbers  affected  in  the  19  brains  e.xamined:  fornix  (11),  paraventricu¬ 
lar  nucleus  (9),  .suprachia.smatic  nucleus  (8),  anterior  hypothalamic  nucleus 
(9),  ventro-medial  nucleus  (8),  dorsomedial  nucleus  (9),  posterior  hypo¬ 
thalamic  nucleus  (7),  mammillary  body  (2),  mammillothalamic  tract  (fl). 
arcuate  nucleus  ((>). 
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Experiment  II 

Brains  from  13  rats  were  examined  and  the  findings  correlated  witli 
growth  rate  over  an  18-day  period.  (Jrowth  rate  in  each  rat  witli  a  lesion 
was  expressed  as  a  fraction  of  the  linear  growth  rate  of  its  pair.  When  calcu¬ 
lated  in  this  manner,  values  between  59  and  119%  were  obtained.  The 
lowest  value  was  in  a  rat  with  extensive  involvement  of  the  primary  plexus, 
pituitary  stalk,  ventromedial,  dorsomedial,  posterior,  mammillary,  lateral 
and  arcuate  nuclei.  In  the  rats  with  values  between  90-70%  pituitary  .stalk 
and  primary  plexus  damage  was  noted  in  one,  and  in  the  other,  a  very  large 
lesion,  involving  the  fornix,  anterior  and  middle  hypothalamus,  mammillary 
bodies,  part  of  the  arcuate  nucleus  and  lateral  hypothalamic  area.  The 
pituitary  vasculature  was  spared  in  this  individual.  Three  rats  grew  at  a 
rate  between  70  and  80%  of  their  controls.  Neither  the  portal  plexus  nor 
the  .stalk  was  involved  in  these  animals,  and  they  had  in  common  rather 
large  lesions  which  involved  the  fornix,  paraventricular,  anterior  hypo¬ 
thalamic,  ventromedial  and  dorsomedial  nuclei.  The  8  remaining  rats  grow¬ 
ing  at  a  rate  between  80  and  119%  of  normal  had  rather  smaller  lesions 
than  the  above  mentioned  rats  with  destruction  of  the  following  structures 
singly  or  in  combination:  supraoptic  nucleus  (1)  paraventricular  nucleus 
(2),  .suprachiasmatic  nucleus  (3),  anterior  hypothalamic  nucleus  (2),  ven¬ 
tromedial  nucleus  (4),  dorsomedial  nucleus  (5),  posterior  hypothalamic 
nucleus  (4),  mammillary  body  (3),  mammillo-thalamic  tract  (4),  lateral 
hypothalamic  nucleus  (1),  arcuate  nucleus  (2)  and  fornix  (1).  Normal 
growth  occurred  in  one  rat  despite  the  de.st ruction  of  the  extreme  rostral 
end  of  the  median  eminence. 

Experiment  III 

Thirty-four  brains  were  examined  hi.stologically.  As  anticipated  from  the 
parameters  chosen  in  producing  the  lesions  the  damage  found  was  massive 
and  fairly  uniform.  In  most  of  the  animals  the  median  eminence  in  whole  or 
part  had  been  damaged  (Fig.  1).  In  some,  the  entire  median  eminence  was 
injured,  to  be  replaced  by  a  thin  vascular  membrane  from  which  the 
atrophic  .stalk  projected.  In  one  the  median  eminence  had  become  isolated 
from  the  rest  of  the  brain  by  extreme  hypothalamic  damage.  Direct  injury 
to  the  stalk  itself  was  noted  only  once.  The  third  ventricle  in  most  of  the 
rats  was  ballooned  out  and  continuous  with  the  lining  of  large  lateral  lesion 
cavities.  In  only  4  rats  was  the  supraoptic  nucleus  directly  involved  by  the 
lesion,  but  in  most  of  the  others  the  nucleus  was  smaller  than  normal,  the 
cell  bodies  reduced  in  size,  the  nuclei  distorted,  presumably  due  to  retro¬ 
grade  degenerative  changes  following  damage  to  the  supraoptic  hypo¬ 
physial  tract  in  the  median  eminence. 

In  correlating  histological  findings  with  growth  disturbance  it  was  noted 
that  the  four  rats  whose  growth  rate  was  above  80%  of  the  normal  had  one- 
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Fig.  1.  This  finurc  illustrates  the  base  of  the  rat  brain  aiul  a  sagittal  section  through 
the  (lieneejihalon.  The  light  stippling  in  the  sagittal  section  outlines  the  third  ventricle; 
the  heavy  stiiipling  in  both  figures  outlines  the  area  of  the  lesion  eomnion  to  the  rats 
in  Experiment  III  whose  growth  rate  fell  below  the  normal  rate  minus  3  standard  devia¬ 
tions.  In  one  of  these  animals  the  tuberal  portion  of  the  median  eminence  was  jiresent 
as  a  vascular  jilati*  separated  from  the  rest  of  the  hyiiothalamus.  In  the  others,  various 
degrees  of  diri'ct  jirimary  plexus  injury  was  noted.  Abbrc'viations:  A. — anterior  hypo¬ 
thalamic  nucleus,  A.C. — anterior  commissure,  Fx. — fornix.  Inf. — infundibulum.  Inf.  P. — 
infundibular  process,  M.B. — mammillary  body,  M.T. — mammillo-thalamic  tract, 
P.O. — preoptic  area,  P.P. — primary  plexus  of  the  hypophysial-portal  vessels,  P.V. — 
paraventricular  nucleus,  V.M. — ventromedial  nucleus. 

half  or  more  of  the  primary  plexu.s  intact.  In  the  4  rats  who.se  growtli  rate 
was  less  than  49%  of  the  normal,  the  median  eminence  was  completely 
destroyed.  The  remainder  of  the  rats  grew  at  a  rate  between  51  and  79%  of 
that  of  normal  animals  (Table  2),  but  no  clear  correlation  existed  between 
degrees  of  primary  plexus  injury  and  of  growth  impairment.  The  animal  in 
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which  an  “isolated”  median  eminence  plate  was  present  "rew  as  poorly  as 
those  with  direct  destruction  of  this  structure. 

In  only  two  animals  were  the  arcuate  nuclei  spared,  and  these  were  the 
hest-growing  rats.  The  mammillary  nuclei  were  intact  or  only  slightly  in¬ 
volved  in  all  hut  4  of  the  rats  so  that  it  is  clear  that  this  structure  is  not 
related  to  growth  impairment.  Other  structures  relatively  well  preserved  in 
most  of  the  rats,  even  those  with  poor  growth,  were  the  following:  anterior 
commi.ssure,  preoptic  area,  lateral  hypothalamic  area  and  mammillo- 
thalamic  tract.  The  suprachiasmatic  nuclei  were  preserved  in  six  of  the 
rats;  one  of  these  was  the  poorest  growing  individual  and  it  seems  reason¬ 
able  to  exclude  this  nucleus  as  being  respon.sible  for  growth  impairment. 
The  following  nuclei  were  damaged  bilaterally  in  almost  all  animals:  para¬ 
ventricular,  anterior  hypothalamic,  ventromedial,  dorsomedial  and  pos¬ 
terior  hypothalamic. 


DISCUSSION 

In  these  experiments  it  was  found  that  certain  hypothalamic  lesions  led 
to  poor  growth  in  rats.  In  some  individuals  poor  growth  was  the  result  of 
reduced  food  intake,  but  reduced  food  intake  could  be  only  a  contributory 
cause.  In  many  animals  the  amount  of  food  taken  was  enough  to  permit 
normal  growth  when  given  to  unoperated  animals,  and  in  a  number  reduc¬ 
tion  in  rate  of  body  lengthening  occurred  in  the  face  of  increasing  obesity. 
Furthermore,  in  lesion-bearing  animals  with  slightly  reduced  food  intake 
linear  growth  was  less  than  that  of  normal  animals  whose  diet  had  been 
similarly  restricted.  It  must  be  concluded  that  rats  with  lesions  have  a  dis¬ 
tinct  defect  in  growth  independent  of  variations  in  diet.  The  defect  is  never 
as  great  as  that  found  in  hypophysectomized  rats,  for  even  with  almost 
total  hypothalamectomy,  growth  is  seldom  reduced  by  more  than  o0%  of 
the  normal  rate.  Thyroidal,  gonadal  and  neurohypophysial  deficiencies  in 
rats  with  lesions  may  also  contribute  to  poor  growth.  'I’hat  they  are  not  the 
sole  cause  of  growth  impairment  is  evident  from  the  finding  that  physio¬ 
logical  doses  of  thyroxine,  testosterone  and  Pitressin  did  not  restore  growth 
to  normal. 

Lesion-induced  adrenocortical  deficiency  as  a  cause  of  growth  impair¬ 
ment,  though  not  .specifically  studied  in  Experiments  II  and  III,  can  proba- 
l)ly  be  excluded  for  reasons  summarized  below.  Evidence  on  this  point  must 
be  cited  in  detail  in  view  of  the  long  recognized  fact  that  adrenalectomized 
rats  lose  weight  unless  they  are  given  sodium  chloride  or  replacement  steroid 
therapy  (15).  Close  analysis  of  the  growth  failure  of  adrenalectomized  rats 
indicates  that  the  major  handicap  to  growth  in  these  animals  is  inadeipiate 
food  intake.  .Vdrenalectomized  rats  consume  much  le.ss  food  than  normal; 
when  the  intake  of  normal  rats  is  restricted  to  the  same  degree  by  pair  feed¬ 
ing,  the  normal  rats  lo.se  even  more  weight  than  do  the  adrenalectomized 
animals  (7).  Saline  replacement  leads  to  an  increase  in  the  food  intake  of 
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adrenalectomized  rats  though  not  to  normal  levels;  the  saline  treated  ani¬ 
mals  grow  faster  than  do  pair-fed  normals  (7),  and  have  wider  tibial  epi¬ 
physial  widths  (16).  When  saline-treated  adrenalectomized  rats  are  force 
fed  normal  amounts  of  food  they  grow  at  a  slightly  greater  than  normal 
rate  and  have  a  normal  body  composition  (17). 

From  the  above  data  it  may  be  concluded  that  if  salt  balance  and  food 
intake  are  maintained,  rats  with  total  adrenal  deficiency  grow  at  least  as 
well  if  not  better  than  do  normal  animals  consuming  equal  amounts  of  food. 
This  conclusion  is  pertinent  to  the  present  experiments  because  controls 
were  offered  the  same  amount  of  food  as  was  consumed  by  the  rats  with 
lesions,  and,  in  all  pairs,  the  animals  with  brain  damage  ate  as  much  as  or 
more  than  the  normal  animals.  Since  food  intake  was  controlled  the  other 
critical  point  is  whether  or  jiot  these  animals  were  in  salt  balance.  A  number 
of  studies  of  salt  metabolism  in  animals  with  ventral  hypothalamic  lesions 
have  been  published  (18,  H),  20)  but  the  most  specific  answer  to  this  ques¬ 
tion  comes  from  experiments  recently  completed  in  this  laboratory.  In  a 
group  of  17  pairs  of  rats  prepared  and  treated  in  a  manner  identical  with 
Experiment  III  in  the  present  study  plasma  sodium  and  potassium  levels 
were  determined  at  death;  these  values  were  found  to  be  the  same  in  the 
two  groups.  Although  it  would  have  been  more  elegant  to  conduct  the  ex¬ 
periments  on  all  groups  using  adrenalectomized  rats  on  replacement  steroid 
treatment  (as  in  Experiment  I)  the  foregoing  arguments  make  it  highly  un¬ 
likely  that  the  poor  growth  observed  in  these  animals  could  have  been  due 
to  adrenocortical  deficiency. 

The  anatomical  location  of  lesions  that  affect  growth  was  specifically 
sought  in  this  experiment.  The  conclusion  was  drawn  that  the  anterior  half 
of  the  median  eminence  or  the  pituitary  stalk  must  be  destroyed  or  the 
infundibulum  isolated  from  the  hypothalamus  in  order  to  produce  .severe 
growth  impairment  (Fig.  1).  Regions  uniformly  involved  in  rats  with  more 
severe  degrees  of  growth  reduction  are  the  anterior  half  of  the  median 
eminence,  the  arcuate  nuclei,  and  the  .supraoptic  hypophysial  tract  as  it 
courses  through  the  median  eminence.  This  region  appears  to  be  similar  or 
identical  with  that  controlling  acute  ACTH  discharge  following  stre.ss  (21), 
and  the  great  majority  of  animals  with  growth  impairment  have  significant 
reduction  in  adrenal  gland  .size  also.  Specific  areas  and  structures  can  be 
excluded  from  consideration.  The.se  include:  anterior  commissure,  fornix, 
preoptic  area,  mammillo-thalamic  tract,  and  the  following  nuclei:  supra¬ 
optic,  paraventricular,  suprachiasmatic,  posterior,  dorsal,  anterior,  ventro¬ 
medial  and  mammillary.  Destruction  limited  to  the  area  between  paraven¬ 
tricular  nucleus  and  optic  chiasm,  the  “thyrotrophic  area”  (4),  does  not 
neces.sarily  prevent  growth  at  a  normal  rate  in  rats  given  thyroxine. 

Of  the  authors  who  have  previously  described  growth  impairment  in  rats 
with  lesions,  only  Hinton  and  Stevenson  (li)  have  noted  a  specific  localiza¬ 
tion,  and  that  to  the  anterior  hypothalamus.  Their  studies  differ  further 
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from  tlie  present  experiment  in  that  tlie  onset  of  growth  impairment  was 
delayed  for  several  weeks  followinj);  operation.  A  ditferent  mechanism  of 
growth  reduction  may  he  involved  in  the  rats  studied  hy  these  authors,  one 
possibility  being  (in  view  of  the  position  of  the  lesion  and  tlie  delay  in  onset 
of  the  effect)  that  hypothyroidism  was  induced  by  the  lesion.  In  Kennedy’s 
experiments  (2)  no  specific  localization  of  lesions  affecting  growth  was  pos¬ 
sible  and  localization  was  not  mentioned  by  Bogdanove  and  Lipner  (1).  In 
a  piesumably  related  study  by  Spirtos  and  Ilalmi  (o)  in  which  insulin 
hypersensitivity  in  rats  with  lesions  was  observed,  it  is  stated:  “The  most 
effective  lesions  were,  in  general,  massive  basal  ones  which  extended  rostro- 
caudally  from  the  optic  chiasm  to  the  pre-mammillary  region.’’  These 
lesions  are  probably  comparable  to  the  ones  found  effective  in  reducing 
growth  rate  in  this  experiment.  Spirtos  and  Ilalmi  further  note  that 
“.  .  .  smaller  lesions,  some  of  them  even  unilateral  which  damaged  only  the 
anterior  or  posterior  hypothalamus  also  resulted  in  eidianced  sensitivity  to 
insulin.’’  (Irowth  impairment  did  not  occur  in  this  experiment  with  lesions 
of  this  distribution,  but  consideration  must  be  given  to  the  possibility  that 
if  growth  impairment  and  insulin  hypersensitivity  are  manifestations  of  a 
similar  defect,  the  carbohydrate  abnormality  may  be  the  more  sensitive 
measure. 

The  most  iniportant  problem  rai-sed  by  this  localization  of  a  growtli- 
affecting  hypothalamic  lesion  is  tliat  of  distinguishing  between  a  specific 
neural  defect  and  non-specific  damage  to  the  major  portion  of  tlie  primary 
portal  plexus  through  which  in  the  rat  passes  most  of  the  blood  to  the 
anterior  pituitary  (22).  From  India  ink  injections  in  this  aiul  a  previous 
experiment  (4),  it  is  clear  that  the  pituitary  is  well  perfused  even  when 
lesions  involve  the  median  eminence,  but  there  may  be  a  physiologically 
important  reduction  in  rate  of  hypophysial  blood  flow  or  disorganization  of 
specific  nerve  terminals  in  this  area.  In  one  rat,  the  infundibulum  had  been 
isolated  by  the  lesion,  so  that  a  flat  vascular  plate  of  median  eminence  tis¬ 
sue  connected  to  the  stalk  was  left.  Growth  in  this  animal  was  between  50 
and  00%  of  the  rate  of  its  paired  control  despite  a  normal  primary  plexus. 
Reduced  pituitary  size  as  observed  in  this  study  cannot  be  taken  as  clear 
evidence  of  disturbed  glandular  blood  flow  since  similar  reduction  followed 
lesions  that  did  not  affect  any  part  of  the  pituitary  vasculature  in  Experi¬ 
ment  II  (Table  1).  If  the  impaired  growth  of  rats  with  median  eminence 
lesions  is  due  simply  to  change  in  blood  supply  the  animal  preparation  is 
then  quite  comparable  to  the  rat  with  an  extra-sellar  pituitary  transplant. 
Such  animals  may  display  a  reasonable  rate  of  growth  as  demonstrated  by 
Hertz  (24). 

The  relationship  between  disordered  neurohypophysial  function  and 
growth  impairment  recpiires  further  comment.  In  rats  whose  lesions  had 
caused  growth  impairment  the  supraoptic  nuclei  showed  regressive  changes 
and  the  supraopticohypophysial  tract  was  invariably  damaged.  Vasopres- 


772 


REICHLIX 


Volume  67 


sin  defifiency  may  he  excluded  as  the  cause  of  poor  growth,  nevertheless, 
by  the  failure  of  Pitressin  in  dosage  controlling  diabetes  insipidus  to  influ¬ 
ence  rate  of  growth.  Although  a  correlation  exists  between  the  degree  of 
diabetes  insipidus  and  the  degree  of  growth  impairment  as  was  observed  in 
this  and  a  previous  experiment  (4),  it  is  likely  that  the  correlation  arises 
because  increasing  damage  to  the  median  eminence  also  leads  to  increas¬ 
ingly  severe  damage  to  the  neurohypophysial  component  of  this  area. 

Neither  this  experiment  nor  others  in  the  literature  provide  direct  evi¬ 
dence  for  the  suggestion  that  growth  hormone  secretion  is  influenced  by 
the  hypothalamus  but  the  findings  in  this  experiment  are  consonant  with 
this  hypothesis.  Also  in  keeping  with  this  hypothesis  are  the  ob.servations 
that  regressive  changes  in  the  pituitary  acidophils  are  observed  in  animals 
with  lesions  (.5),  and  that  the  insulin  .sensitivity  of  these  animals  is  cor¬ 
rected  by  STH  more  readily  than  by  adrenocortical  hormones  (5).  Of  po.s- 
sible  pertinence  to  the  problem  of  hypothalamic  regulation  of  STH  .secre¬ 
tion  is  the  interesting  observation  by  Del  Vecchio  et  nl.  (fi)  that  Pitressin 
injections  induce  an  increase  in  tibial  epiphysial  width  in  the  rat.  Before 
one  may  conclude  with  certainty  that  hypothalamic  lesions  interfere  with 
growth  hormone  .secretion  it  would  be  essential  to  study  production  and 
relea.se  of  the  hormone  directly  and  to  demonstrate  that  the  growth  deficit 
is  repaired  by  growth  hormone  treatment.  Studies  of  this  nature  are  under¬ 
way  at  pre.sent  in  this  laboratory. 
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THE  DURATION  OF  GLUCAGON  EFFECT' 

JOSEPH  E.  SOKAL 

Division  of  Medicine,  Roswell  Park  Memorial  Institute,  Buffalo,  Xew  York 
ABSTRACT 

The  duration  of  glucagon  effect  was  determined  b}’  measuring  the  interval 
after  an  injection  of  glucagon  into  fasted  rats,  before  glucose  feeding  resulted 
in  liver  glycogen  deposition.  Doses  of  0.2-0.4  mg./kg.  inhibited  liver  glycogen 
deposition  for  2-2.5  hours.  Larger  doses  (1.0  mg./kg.),  administered  either  in¬ 
travenously  or  subcutaneously,  produced  inhibition  of  glycogenesis  for  4-7 
hours.  However,  increasing  the  intrai)eritoneal  dos**  resulted  in  le.ss  prolonga¬ 
tion  of  effect.  Zinc  glucagon  iiuluced  more  prolonged  effects  than  glucagon. 
Large  doses  (5.0  mg.  kg.)  of  zinc  glucagon  inhibited  liver  glycogen  deposition 
for  at  least  8  hours. 

The  effects  observ(>d  were  not  due  to  depletion  of  “primer  glycogen.” 

Although  many  e.xperimental  and  clinical  .studies  of  glucagon  action 
L  have  l)een  reported,  relatively  little  information  i.s  available  on  the 
duration  of  glucagon  effect  after  administration  of  this  hormone.  The 
principal  biologic  action  of  glucagon  is  stimulation  of  hepatic  glycogenol- 
y.sis,  but  most  investigators  have  studied  its  effects  by  following  the  blood 
glucose  levels.  The  characteristic  hyperglycemia  which  follows  intravenous 
or  intraperitoneal  administration  of  glucagon  usually  .subsides  within  one 
hour.  However,  this  does  not  mean  that  the  effects  of  glucagon  do  not  per¬ 
sist  for  more  than  one  hour.  In  many  experiments,  liver  glycogen  is  depleted 
within  this  time  period,  making  it  difficult  to  determine  whether  glucagon 
effect  continues  or  not.  Furthermore,  the  blood  glucose  level  is  influenced 
by  a  number  of  factors  in  addition  to  hepatic  glycogenolysis,  and  .secondary 
phenomena  may  over-shadow  the  effects  of  hepatic  glycogenolysis  on  the 
blood  glucose.  For  example,  virtually  complete  depletion  of  liver  glycogen 
is  induced  by  small  subcutaneous  doses  of  glucagon  even  though  no  hyper¬ 
glycemia  is  ob.served  (1).  Thus,  the  duration  of  glucagon  effect  cannot  be 
determined  either  by  studies  of  blood  glucose  or  by  liver  glycogen  assays 
after  the  injection  of  the  hormone  into  normal  fed  animals. 

This  paper  de.scribes  a  method  for  determining  the  duration  of  glucagon 
effect,  ba.sed  on  the  fact  that  glucagon  inhibits  liver  glycogen  depo.sition  in 
the  fasted  animal  given  a  gluco.se  feeding.  By  measuring  the  interval  be¬ 
tween  glucago?!  injection  and  the  beginning  of  liver  glycogen  deposition, 
reasonably  con.sistent  values  for  the  duration  of  glucagon  effect  were  ob¬ 
tained.  These  were  greater  than  had  been  anticipated. 
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METHODS 

Normal  male  Sprague-Dawley  rats  weighing  205-390  gm.  were  used.  They  were 
fasted  for  24  hours  prior  to  experiments,  reducing  liver  glycogen  to  near-zero  levels. 
Each  experimental  period  started  with  an  injection  of  glucagon.  Immediately  following 
this  injection,  or  at  various  time  intervals  thereafter,  a  glucose  load  of  7.5  gm./kg.  bod\- 
weight  was  administered  by  stomach  tube.  This  dose  of  glucose  assures  a  maximal  rate 
of  intestinal  absorption  for  about  4  hours.  One  or  more  hours  after  the  glucose  feeding, 
animals  were  anesthetized  with  Nembutal  and  liver  samples  were  obtained  for  glj  cogen 
determination.  Each  experiment  included  at  least  two  groups  of  control  animals  which 
received  saline  injections  and  glucose  feedings.  Glycogen  was  determimnl  by  the  metluxl 
of  Good,  Kramer  and  Somogyi  (2),  using  the  Nelson  (3)  nu'thod  for  determination  of 
glucose  after  hydrolysis. 

Glucagon*  and  zinc  glucagon*  wer(‘  injected  subcutaneously,  intraperitoneally,  or 
intravenously,  in  doses  ranging  from  0.2  mg.  kg.  to  5.0  mg.,  kg.  (In  our  hands,  0.2 
mg./kg.  is  the  lowest  glucagon  dose  which  consistently  induces  virtually  complete 
depletion  of  liver  glycogen  in  fed  rats.)  The  delay  in  glycogen  ileposition  attributable 
to  glucagon  injection  was  deb'rmined  in  each  experiment  by  measuring  the  time  re- 
(luired  for  experimental  animals  to  attain  liver  glycogen  levels  comi)arable  to  those 
reached  b\’  the  control  animals  one  to  two  hours  after  glucose  feeding. 

In  order  to  rule  out  tin*  possibility  that  the  results  obtained  might  have  been  due  to 
depletion  of  “primer  glj'cogen”  by  early  hepatic  glycogenolysis,  rather  than  to  per¬ 
sistence  of  glucagon  effect,  one  experiment  was  performed  with  unfasted  animals.  The 
procedure  was  otherwise  similar  to  that  described  above. 

RESULTS 

Figure  1  pre.seiits  tlie  normal  curve  of  liver  glycogen  deposition  in  fasted 
rats  given  the  standard  glucose  load.  It  is  based  on  a  total  of  147  determina¬ 
tions,  performed  over  a  period  of  9  months.  There  was  moderate  variation 
in  the  rate  of  glycogen  depo.sition  and  in  the  maximum  level  of  liver  glyco¬ 
gen  attained,  as.sociated  with  differences  in  age  and  weight  of  the  rats  u.sed 
and  in  the  seasons  during  which  the  experiments  were  performed.  Within 
individual  experiments,  however,  variations  were  not  large.  Liver  glycogen 
deposition  was  noted  consistently  within  1  hour  of  glucose  feeding.  In  27  of 
29  determinations,  the  liver  glycogen  exceeded  0.4%  at  this  time.  At  two 
hours,  the  lowest  value  observed  in  o7  determinations  was  0.71%.  The 
glycogen  deposition  curve  is  virtually  linear  for  the  first  three  hours. 

Doses  of  glucagon  sufficient  to  cause  depletion  of  liver  glycogen  in  fed 
animals  always  inhibited  liver  glycogen  deposition  in  fasted  animals.  The 
duration  of  such  inhibition  varied  with  the  dose  of  glucagon,  the  route  of 
its  administration,  and  the  preparation  used.  Figure  2  presents  a  typical 
experiment  in  which  0.4  mg.  kg.  of  glucagon  solution  was  administered 
.subcutaneously  immediately  before  gluco.se  feeding.  No  glycogen  deposi¬ 
tion  occurred  during  the  first  two  hours,  but  0.14-0.7()%  of  liver  glycogen 

*  Glucagon  ami  zinc  glucagon  were  provided  by  The  Eli  Lilly  Laboratories.  Glucagon 
was  supplied  as  a  solution  containing  1  mg. /ml.  (lot  #0559  PA  S.5023).  Zinc  glucagon, 
lot  #PR  28.5-12.5-077.  supplied  as  the  solid,  was  suspeniled  in  i)hysiological  saline  for 
injection. 
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was  present  at  three  hours.  The  avera{j;e,  0.87%,  was  le.ss  than  that  ol)- 
served  amon^  tlie  control  animals  at  one  hour.  Thus,  it  was  conclutled  that 
glucagon  had  blocked  glycogen  deposition  for  a  period  slightly  in  exce.ss  of 
two  hours. 

Since  the  standard  glucose  load  used  as.sures  a  high  rate  of  intestinal 
glucose  absorption  for  only  about  four  hours,  e.xperiments  could  not  be  con¬ 
tinued  more  than  4  hours  after  the  glucose  feeding.  In  order  to  measure 
longer  periods  of  inhibition  of  glycogen  deposition,  the  dose  of  glucagon  was 
injected  one  or  more  hours  before  the  glucose  feeding.  By  this  technique, 
any  desired  period  of  glucagon  action  in  excess  of  four  hours  could  be  ex¬ 
amined.  An  application  of  this  approach  is  shown  in  F'igure  8.  A  .saline  sus¬ 
pension  of  zinc  glucagon  was  injected  subcutaneously  in  a  do.se  of  1.0 
mg.  kg.  Two  hours  later,  the  glucose  feeding  was  administered.  No  liver 
glycogen  was  deposited  during  the  first  four  hours  after  zinc  glucagon  injec¬ 
tion,  whereas  the  liver  glycogen  levels  of  the  saline-injected  controls  were 
within  the  expected  range.  Five  hours  after  zinc  glucagon  injection,  one  of 
three  animals  had  a  small  amount  of  liver  glycogen.  Six  hours  after  zinc 
glucagon  injection,  only  three  of  six  animals  had  measurable  liver  glycogen 
and  only  one  of  the.se  was  above  the  normal  fasting  level.  It  was  concluded 
that,  in  these  experiments,  the  effect  of  zinc  glucagon  liad  persisted  for  at 
least  o-()  hours. 

It  soon  became  apparent  that  glucagon  injection  not  only  inhibited 
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HOURS  AFTER  GLUCOSE  FEEDING 

Fro  1.  Normal  slycogon  deposition  after  glucose  feeding — 7.5  gin.  kg. 
Vertical  lines  represent  standard  errors  at  each  jioint. 
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Fig.  2.  Inhibition  of  glycogen  deposition  by  glucagon.  Dose — 0.4  ing.  kg.,  sub¬ 
cutaneously.  Control  animals  wen*  injected  with  eiiual  volumes  of  jiliysiological  salim*. 
(llueose  feeding — 7.5  gm./kg.,  immediately  after  injection. 


glycogen  (leposition  in  tliese  fa.sted  animals  hut  also  reduced  their  already 
very  low  liver  glycogen  lev’els  to  unmeasurable  values.  This  raised  the  (lues- 
tion  whether  the  effects  oh.served  might  he  due  to  depletion  of  “primer 
glycogen,”  nece.ssary  for  glycogen  re.synthesis,  rather  than  to  persistence  of 
glucagon  action.  In  order  to  clarify  this  point,  an  experiment  was  per¬ 
formed  with  unfasted  animals.  Four  rats  were  sacrificed  at  the  beginning  of 
the  experiment,  for  determination  of  initial  liver  glycogen  values.  The 
remaining  animals  were  injected  with  0.4  mg.,  kg.  or  1.0  mg.  kg.  ot  gluca¬ 
gon  subcutaneously,  given  the  standard  glucose  feeding  immediately  there¬ 
after,  and  sacrificed  at  various  time  intervals  after  that.  The  results  are 
presented  in  Figure  4.  Liver  glycogen  declined  rapidly  during  the  first  hour, 
but  more  slowly  thereafter.  Depletion  to  unmeasurable  levels  was  not 
observed  in  any  animal;  the  lowe.st  individual  value  was  0.00%.  However, 
persistence  of  glucagon  action,  comparable  to  that  oKserved  in  fasted  ani¬ 
mals,  was  demonstrated.  At  the  0.4  mg.  kg.  dose,  the  duration  of  glucagon 
effect,  as  indicated  by  the  continuing  decline  in  liver  glycogen  level,  was 
clearly  about  the  same  as  that  observed  in  fasted  animals  (Fig.  2).  At  vhe 
1.0  mg.  kg.  do.se,  liver  glycogen  was  depleted  to  fasting  levels  in  two  hours 
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HOURS  AFTER  GLUCAGON  INJECTION 

Fig.  3.  Inliibitiun  of  sl.vcogi'n  deposition  by  zinc  Oose — 1.0  mg./kg.. 

subcutaneously.  Control  animals  were  injected  with  equal  volumes  of  physiological 
saline,  (ilucose  feeding — 7.5  gm.  kg.,  2  hours  after  injection. 

and  depo.sitioii  of  glycoiren  was  inhibited  for  an  additional  hour:  the  total 
effect  was  somewhat  shorter  than  that  observed  in  fa.sted  animals  (see 
below). 

Table  1  presents  the  results  of  Ki  experiments  with  fasted  animals, 
measuring  the  duration  of  glucagon  effect  wlien  different  doses  of  unmodi¬ 
fied  glucagon  were  administered  subcutaneously,  intravenously,  or  intra- 
peritoneally.  Liver  glycogen  values  are  not  shown,  becau.se  the  intervals 
between  gluco.se  feeding  and  .sacrifice  varied  among  different  experiments, 

Table  1.  Inhibition  ok  livek  glycogen  decosition  by  i  nmodikied  glccagon: 

Effect  of  dose  and  rocte  of  administration 


Time  after  itliieaKon  injeetion 


OlucHRon  d(>8(* 
and  route  of 
administration 

2  hrs.  3  hrs. 

No.  L.(;.  No.  L.O. 

ani’  below  ani>  below 

mals  0.3^  ;  mats  0.3%  > 

4  hrs.  5  hrs.  6  hrs.  7  hrs.  8  hrs. 

No.  L.(;.  i  No.  L.(:.  No.  L.O.  No.  L.G.  '  No.  L.O. 

ani>  below  ani-  below  ani-  below  ani-  below  ani>  below 

mats  0.3%  '  mals  0.3%  ;  mals  0.3%  mats  0.3%  ;  mats  0.3% 

0.2  iiiK.  k(j.  SC 

4 

4  4 

2  1 

0.2  iiiK./kic.  IP 

4 

4  4 

0 

1 

0.4  mg.  kg.  SC 

1  10 

10  12 

6  1 

11 

0  2 

0  2 

0 

i 

0.4  kft*  IV 

!  4 

2 

! 

1 

1 

0.4  mg.  kg.  IP 

4 

.3  4 

1 

1 

1.0  mg.  .kg.  SC 

i  2 

2  ' 

0 

6  2 

2  17 

7  9 

a  11 

1 

1.0  tiig.  kg.  IV 

4 

4  ! 

4 

4  1  4 

4  ;  4 

0 

1 

1.0  ing.  kg.  IP 

4 

4  6 

6  i 

6 

0  '  4 

0  ' 

1 

5.0  m(j.  kg.  SC 

1 

!  0 

3 
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Fig.  4.  Glyeogciiolysis  and  inhibition  of  glycogen  deposition  by  glucagon.  Unfasted 
animals.  Dose — 0.4  or  l.O  mg. /kg.,  subcutaneously.  Glucose  feeding — 7.5  gm./kg.,  im¬ 
mediately  after  injection.  Vertical  lines  represent  standard  errors  at  each  point. 

and  the  results  would  not  be  comparable  from  one  experimental  group  to 
another.  Instead,  the  number  of  animals  in  each  group  who.se  liver  glycogen 
was  below  0.il%  at  the  indicated  time  is  shown.  This  value  is  two  standard 
deviations  below  the  mean  liver  glycogen  level  for  the  control  rats  sacrificed 
1  hour  after  glucose  feeding;  liver  glycogen  concentrations  below  this  figure 
indicate  that  no  gUcogen  deposition  had  occurred,  or  that  normal  deposi¬ 
tion  had  been  proceeding  for  significantly  le.ss  than  1  hour.  Values  above 
0.3%  are  significantly  different  from  fasting  levels  and  indicate  that  glyco¬ 
gen  deposition  had  taken  place. 

At  moderate  glucagon  doses  and  .shorter  time  intervals,  the  results  were 
quite  consistent  from  one  experiment  to  another.  For  example,  in  three 
different  experiments,  a  total  of  10  animals  were  injected  subcutaneously 
with  a  do.se  of  0.4  mg./kg.  and  sacrificed  at  2  hours.  The  liver  glycogen  of 
each  of  these  rats  was  below  0.05%.  The  range  for  12  animals  sacrificed  at  3 
hours  was  0.12-0.76%,  with  a  mean  of  0.33%.  This  mean  value  is  equiva¬ 
lent  to  g  hour  of  normal  glycogen  deposition.  At  4  hours,  the  range  for  11 
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animals  was  0.37-1. o7%,  wiili  a  mean  of  0.0o%.  Tliis  mean  value  is  ecjuiva- 
lent  to  IJ  hours  of  normal  glyeo^jen  deposition.  These  data  permit  the 
fixing  of  the  duration  of  glucagon  effect  with  relative  precision.  It  is  evident 
that  glycogen  deposition  was  completely  inhibited  during  the  first  2  hours 
after  glucagon  injection,  that  glycogenesis  usually  began  during  the  third 
hour,  and  that  it  proceeded  at  a  normal  rate  during  the  fourth  hour. 

The  duration  of  glucagon  effect  increased  when  larger  doses  were  admin¬ 
istered.  At  a  subcutaneous  dose  of  1.0  mg.  kg.  of  unmodified  glucagon, 
glycogen  deposition  was  inhibited  regularly  for  4  5  hours  and  fre{iuently 
for  t)  or  7  hours.  .\t  a  dose  of  5.0  mg.  kg.,  3  of  ti  animals  showed  no  liver 
glycogen  deposition  at  S  hours.  The  effect  at  the  longer  time  intervals  was 
not  a  consistent  one,  however.  In  some  experiments,  almost  all  animals 
sacrificed  at  O  S  hours  showed  no  liver  glycogen  deposition;  in  others,  the 
glycogen  values  were  etpiivalent  to  2,  or  even  3,  hours  of  normal  glyco¬ 
genesis. 

The  duration  of  effect  after  intravenous  glucagon  administration  did  not 
differ  greatly  from  that  after  .subcutaneous  admini-stration,  at  .small  and 
moderate  do.ses.  Intravemais  doses  of  0.4  mg./kg.  inhibited  glycogen  depo¬ 
sition  in  2  of  4  animals  for  3  hours.  Doses  of  1.0  mg.  kg.  inhibited  glycogen 
deposition  for  5  hours,  but  not  for  (5  hours.  The.se  effects  resemble  those  of 
subcutaneous  injections.  On  the  other  hand,  intraperitoneal  administration 
was  associated  with  a  distinctly  shorter  duration  of  effect.  Intraperitoneal 
doses  of  1.0  mg.  kg.  iidiibited  liver  glycogen  deposition  for  only  3  hours. 

The  most  prolonged  effects  were  observed  when  .saline  suspensions  of 
zinc  glucagon  were  injected  subcutaneously.  h5gure  5  presents  a  compari- 
.son  of  the  effects  of  unmodified  glucagon  and  of  zinc  glucagon  at  two  dose 
levels,  t).4  and  1.0  mg./kg.  In  the  experiments  using  0.4.  mg.  kg.,  animals 
were  fed  glucose  immediately  after  glucagon  injection  and  were  sacrificed  3 
or  4  hours  later.  .\t  3  hours,  half  the  animals  injected  with  glucagon  showed 
significant  liver  glycogen  deposition,  while  none  of  those  receiving  zinc 
glucagon  had  glycogen  concentrations  as  high  as  0.2%.  At  4  hours,  all 
animals  injected  with  glucagon  ha<l  liver  glycogen  concentrations  signifi¬ 
cantly  above  fasting  levels,  while  only  one-third  of  the  animals  receiving 
zinc  glucagon  showed  glycogen  deposition. 

In  the  comparison  of  the  two  preparations  at  a  do.se  of  1.0  mg.  kg.,  ani¬ 
mals  were  fed  gluco.se  4  hours  after  injection  and  sacrificed  2,  3,  or  4  hours 
later.  In  this  series  of  experiments,  unmodified  glucagon  blocked  glycogen 
deposition  for  six  hours  in  only  1  of  11  animals.  However,  11  of  13  animals 
receiving  zinc  glucagon  had  insignificant  amounts  of  liver  glycogen  at  this 
time.  At  7  hours,  half  of  the  animals  treated  with  zinc  glucagon  had  liver 
glycogen  concentrations  in  the  fa.sting  range  and  one-fourtli  had  glycogen 
values  repre.senting  one  hour  or  less  of  normal  deposition.  On  the  other 
hand,  all  3  animals  injected  with  glucagon  fell  in  the  same  range  as  the 
.saline-injected  controls.  At  S  hours,  3  of  9  rats  injected  with  zinc  glucagon 
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0  1.2  3  4  5  6  7  8 

HOURS  AFTER  GLUCAGON  INJECTION 
(FEEDING  2-4  HOURS  BEFORE  SACRIFICE) 

Fig.  o.  ('omparisoii  of  }>;lucaf;on  and  zinc  action.  Pooled  data  from  ci^lit 

cxjx'riincnts  in  wliich  fjlncaKon  and  zinc  fjlucaffon  were  injected  subcutaneously  into 
inatch(*d  frroui)s  of  rats,  (llucose  feediiif; — 7.5  ffin.  kg.  Dotted  lines — normal  glycogen 
deposition  curve,  from  Figure  1 . 

had  glycogen  values  within  the  fasting  range,  and  2  more  showed  distinct 
delay  of  glycogen  deposition,  while  none  of  the  glucagon-treated  rats 
showed  evidence  of  delay  in  glycogenesis.  The  effects  of  zinc  glucagon  were 
not  uniform  at  these  longer  time  periods,  however.  Several  animals  in  the  7 
and  S  hour  groups  fell  within  the  control  range,  implying  that  inhibition  of 
glycogenesis  was  not  maintained  for  more  than  4-5  hours. 

The  effects  of  higher  doses  of  zinc  glucagon  were  not  studied  systemati¬ 
cally  because  only  small  amounts  of  this  material  were  available.  However, 
in  one  experiment,  4  rats  were  injected  with  5.0  mg.  kg.  of  zinc  glucagon 
and  sacrificed  S  hours  later  (4  hours  after  gluco.se  feeding).  All  had  less  than 
0.01%  of  liver  glycogen.  Thus,  this  large  do.se  of  zinc  glucagon  probably 
inhibits  glycogen  deposition  for  at  least  8  hours. 

Table  2  .summarizes  the  results  of  this  study.  The  smaller  doses  of  gluca¬ 
gon  inhibited  glycogen  deposition  for  2  to  2.5  hours.  Subcutaneous  or  intra¬ 
venous  do.ses  of  1.0  mg.  kg.  blocked  glycogen  deposition  for  twice  this 
period.  When  the  larger  do.se  was  injected  intraperitoneally,  however,  di.s- 
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tinctly  le.s.s  prolongation  of  elfect  occurred.  Zinc  glucagon  produced  signifi¬ 
cantly  more  prolonged  effect.s  than  glucagon.  With  very  large  subcutaneou.s 
do.ses  (o.O  mg.  kg.)  of  zinc  glucagon,  glycogen  deposition  could  he  blocked 
for  at  least  eight  hours. 


DISCUSSION' 

Measurement  of  the  interval  before  glycogen  deposition  could  take  place 
proved  a  satisfactory  method  for  determining  the  duration  of  glucagon 
effect.  Although  there  was  some  variation  from  one  experiment  to  another, 
and  among  individual  animals  in  a  single  experiment,  the  results  were 
reasonably  consistent.  The  duration  of  glucagon  effect  varied  with  the  dose, 
the  route  of  administration,  and  the  preparation  used,  (llucagon  effect  was 
shown  to  persist  well  beyond  the  period  during  which  glycogenolysis  is 


TaBLK  2.  DkI.AY  in  Cl.YCOliEX  DEPOSITID.N  AKTEK  (il.l  CACiON  OR  ZINC  CEUCAGON 
INJECTION.  SCMMARY  OF  AI.I.  EXI'ERIMENTS 


Preparation 

Dose,  mg. /kg. 

Houtc  of  adm. 

Delay  in  glyeo- 
No.*  of  animals  gen  deposition, 
hours 

(iliicaguii 

0.2  0.4 

IP 

11  ;  2 

(Jlueagon 

0.2  0.4 

IV 

4  2J 

(Jlucagon 

0.2-0. 4 

SC 

30  ;  2i 

Zinc  glucagon 

0.4 

SC 

21  3-4 

(ihicagon 

1  .0 

IP 

12  1  3 

(Jlueagon 

1  .0 

IV 

8  1  5 

(llucagon 

1  .0 

SC 

48  3-7 

Zinc  glucagon 

1 .0 

SC 

05  5-7 

Cllucagon 

.5.0 

SC 

0  .  6-8 

Zinc  glucagon 

.5.0 

SC 

4  At  least  8 

*  Sacrificed  at  (ictinitivc  time  periods. 


ob.served  when  fed  animals  were  injected  with  this  hormone.  That  this  pro¬ 
longed  effect  was  not  due  to  depletion  of  “primer  glycogen’’  was  demon¬ 
strated  by  the  experiment  shown  in  Figure  4,  in  which  liver  glycogen  levels 
did  not  fall  below  the  normal  fasting  range  at  any  time.  The  good  correla¬ 
tion  between  glucagon  do.se  and  duration  of  effect  constitutes  additional 
evidence  on  this  point.  Were  depletion  of  “primer  glycogen’’  the  major 
factor  in  preventing  deposition  of  glycogen,  there  should  have  been  little 
difference  between  the  effects  of  0.4  mg.  kg.  of  unmodified  glucagon  (2.0- 
hour  inhibition)  and  o.O  mg.  kg.  of  zinc  glucagon  (at  least  S-hour  inhibi¬ 
tion).  Both  doses  depleted  the  liver  glycogen  to  unmeasurable  levels  soon 
after  administration. 

The  figures  for  the  duration  of  glucagon  effect  given  in  Table  2  represent 
minimal  values,  since  only  one  effect  was  studied  and  the  interpretation  of 
glycogen  levels  reached  was  only  semi-ijuantitative.  It  is  possible  that 
partial  inhibition  of  glycogen  .synthesis,  or  other  glucagon  effects  such  as 
stimulation  of  protein  breakdown  (4,  5)  might  continue  for  longer  periods. 
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HDviously,  investigators  studying  animals  or  patients  injected  witli  gluca¬ 
gon  should  keep  in  mind  the  fact  that  some  effects  of  such  injections  may 
)ersist  for  several  hours,  especially  when  relatively  large  doses  are  used. 

Longley  (0),  in  experiments  somewhat  similar  to  those  reported  here, 
)l)served  that  subcutaneous  injections  of  glucagon  produced  more  pro- 
onged  effects  than  did  intraperitoneal  injections.  He  attributed  this  to 
lower  absorption.  However,  the  results  of  the  present  study  prove  that 
'peed  of  absorption  from  an  injection  .site  does  not  play  a  major  role  in  de¬ 
ermining  the  duration  of  glucagon  effect  (at  least  with  purified  prepara- 
.ions  of  unmodified  glucagon).  Were  this  the  principal  determinant,  intra- 
•enous  administration  would  be  associated  with  the  shortest  period  of 
action  and  there  would  be  little  difference  between  the  effects  of  different 
intravenous  doses.  Yet,  the  duration  of  effect  after  intravenous  injection 
was  virtually  the  same  as  that  after  subcutaneous  injection,  and  was 
doubled  when  the  dose  was  increased  from  0.4  to  1.0  mg.  kg.  These  results 
suggest  that  destruction  of  glucagon  after  its  absorption  is  the  most  impor¬ 
tant  factor  in  determining  the  duration  of  its  action.  It  is  possible,  however, 
that  the  shorter  duration  of  effect  after  intraperitoneal  injections  of  glu¬ 
cagon,  as  compared  to  .subcutaneous  and  intravenous  injections,  may  be 
due  to  inactivation  of  the  compound  within  the  peritoneal  cavity. 

The  finding  t-liat  zinc  glucagon  produced  more  prolonged  effects  than 
glucagon  indicates  that  modification  of  the  chemical  or  physical  state  of 
glucagon  may  alter  its  duration  of  action  and  offers  hope  that,  a.s  with 
insulin,  preparations  of  widely  differing  rates  of  action  may  become  avail¬ 
able. 
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ABSTRACT 

(‘ffccls  of  cnulo  j)ituitarv  extract  upon  the  si'runi  and  liver  lipids  of  the 
rabbit  were  studied.  A  single  injection  of  crude  pituitary  extract  in  the  fed 
rabbit  causes  a  rajiid  elevation  of  serum  fre(‘  fatty  acid  (FF.V)  concentration. 
Serum  FFA  level  attains  a  maximum  2  hours  after  the  injection  and  remains 
elevat(‘d  for  more  than  IS  hours  aft*‘r  the  injection.  Liver  fat  concentration 
increases  i)ronressively  during  the  entire  IS  hour  period  after  the  injection. 

'I'he  concentrations  of  serum  total  lipid  and  triglyceride  do  not  change  until  S 
to  12  hours  after  the  injection,  when  a  marked  increase  occurs.  The  increment 
of  serum  lijiid  IS  hours  after  the  injection  has  the  following  composition;  So% 
triglyceride.  10%  ])hospholij)id,  .5%  cholesterol. 

A  single  hog  anterior  pituitary  lobe  has  5.4  time.s  more  lipemia-producing 
activity  than  a  single  hog  posterior  pituitary  lobe.  Lyophilized  pituitary 
glands  contain  considerably  more  lipcmia-producing  activity  than  acetone- 
dried  i)ituitary  glands.  Lipemia-producing  activity  is  not  present  in  9  other  ani¬ 
mal  organs  which  wi'n*  tested.  The  lipemia-producing  activity  is  more  readily 
extracted  from  the  gland  by  alkaline  than  by  acid  solvents. 

The  injection  of  pituitary  gland  extract  into  experimental  animals  has 
been  shown  to  cause  a  mol)ilization  of  lipid  from  adipo.se  ti.ssue  (1,  2, 
•i).  This  mobilization  of  stored  lipid  is  evidenced  by  a  redi.stribution  of 
lipid  from  the  carca.ss  to  the  liver  (1,  4),  by  an  increa.sed  rate  of  oxidation  of 
fatty  acids  (1,  5,  b,  7),  and  by  an  increa.se  in  the  concentrations  of  fre*' 
fatty  aci<l.s  (FFA)  and  of  lipids  in  the  blood  (8,  9). 

The  studies  of  earlier  inve.stigators,  who  were  chiefly  concerned  with 
changes  in  liver  fat  content  as  an  index  of  lipid  mobilization,  suggested  that 
the  lipid-mol)ilizing  effect  of  pituitary  extract  is  due  largely  to  the  adreno- 

Rcc(‘ivcd  .Vjjril  11,1 990. 

*  'Phis  investigation  was  supported  by  a  re.soarch  grant  from  the  Xew  York  Heart 
Association,  and  by  research  grants  11-52  and  H-2041  from  the  I*.  S.  Public  Health 
Service. 

*  Siuiior  Research  Fellow,  Xew  York  Heart  .Association. 
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•orticotropili  (ACTH)  and  fj:r()\vtli  hormone  content  of  these  extracts  (11), 
11).  Recent  observations  by  the  present  authors,  however,  indicate  that 
•rude  pituitary  extract  contains  a  substance  wliich  is  different  from  any  of 
he  recognized  pituitary  liormones  and  which  produces  lipemia  in  the 
!abl)it  (12).  Pending  the  isolation  of  sufficient  cpiantities  of  this  lipemia- 
producing  sub.stance  to  permit  study  of  its  properties,  it  was  desirable  to 
)btain  additional  information  concerning  the  nature  of  the  lipemic  response 
)f  the  rabbit  to  extracts  of  whole  pituitary  glands  and  to  determine  which 
lype  of  extract  possesses  the  highest  lipemia-producing  activity.  The  object 
)f  the  present  report  is  to  describe:  (a)  the  chemical  characteristics  of  the 
lipemia  produced  in  the  rabbit  by  injection  of  pituitary  extracts;  (b)  the 
lelationship  of  the  lipemic  effect  to  previously  described  effects  of  pituitary 
preparations  upon  circulating  FFA  level  and  liver  fat  content ;  (c)  effective 
methods  for  extracting  the  lipemia-producing  material  from  the  pituitary 
gland;  (d)  the  lipemia-producing  activities  of  extracts  prepared  from  the 
following  sources:  Hog  anterior  and  hog  posterior  pituitary  lobes:  whole 
pituitary  glatids  obtained  from  hogs,  cattle,  sheep  and  humans;  various 
animal  organs  other  than  the  pituitary  gland,  viz.  liver,  kidney,  spleen, 
muscle,  brain,  pineal,  pancreas,  duodenum,  and  thyroid. 

M.\TERI.\LS  .\\I)  METHODS 

.Male  rabbits  of  mixed  strain,  weighing  2.5  to  4.0  kilos  were  fed  a  diet  of  pnrina 
rabbit  chow.  Food  was  available  to  the  rabbits  at  all  times  excejjt  in  experiimnits  where 
blood  sugar  was  determined,  wlum  food  was  withheld  for  hours  Indore  the  bU'eding. 
Xo  measurements  were  made  of  the  amount  of  food  consumed  by  the  rabbits  during 
the  ex))erimental  periods.  Blood  was  obtained  from  the  ear  vein  of  the  unanesthetized 
rabbit. 

Desiccated  pituitary  glands  of  hogs,  sheep,  and  cattle  were  obtained  from  .Mr.  E.  (J. 
King  (.\rmour  Pharmaceutical  (’o.).  Dr.  E.  Graham  (Wilson  Laboratories),  Dr. 
1).  .\.  McGinty  (Parke.  Davis  it  ('o.),  ami  Dr.  (J.  McVicar  (University  of  Toronto). 
Human  pituitary  glands,  obtained  at  autopsy,  were  made  av'ailable  by  Dr.  S.  L.  Wilens 
(Xew  York  University).  Samples  of  various  other  desiccated  animal  organs  were  sup¬ 
plied  by  Drs.  Graham  and  McGinty. 

The  pertinent  chemical  methods  are  ilescrilx'd  in  the  following  refiTences:  Serum 
total  lipid  (13),  serum  triglyceride  (14),^  serum  cholesterol  (15),  serum  phospholipid  (10), 
serum  FF.\  (17),  blood  acetone  (18),  blood  glucose  (19),  i)aper  electrojdioresis  of  serum 
(20),  liver  fat  concentration  (10). 


EXPERIMENTS 

Ejfect  of  hog  pituitary  extract  upon  serum  lipids,  serum  FFA  and  liver 
'ipids  of  the  rabbit.  Lyophilized  hog  pituitary  glands  were  pulverized  and 
extracted  in  O.IM  Na2HP04  (100  cc.  per  gm.  of  pituitary  gland)  for  4  hours 
it  5°  C.  The  in.soluble  material  was  removed  by  centrifugation.  The  super- 

^  In  the  experiment  described  in  Table  2,  serum  triglycerides  were  calculated  by  dif- 
erence  according  to  Hatch  etal.  (21).  The  formulas  employed  are  given  in  the  legend  of 
Table  2. 
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Table  1.  Kffect  of  a  single  si  bci  taneous  injection  of  0.1m  Na;HP04  extract  of 

100  MG.  OF  LYOPHILIZEU  HOG  PIT!  ITARY  GLANDS  CPON  THE  CONCENTRATIONS  OF 
TOTAL  LIPIDS  AND  CHOLESTEROL  IN  THE  SERC.M  OF  THE  RABBIT 


Time  after  injeetion 


Rabbit 

Material  injected 

(1  hra.  ' 

6  hrs. 

12  hra. 

18  hra. 

24  hrs.  1 

48  hra. 

72  hrs. 

TLt/ 
Chol.t  1 

TL 

Choi. 

TL 

Choi. 

TL 

Choi. 

TL 

Choi. 

TL 

Choi. 

TL 

Choi. 

1 

Pituitary  Extract 

480. 48  ^ 

520  43 

<»in  55 

1680  55 

2 

Pituitarj-  Extract 

.580  72 

1202  106 

2140  152 

.3442  228 

1407  157 

i 

Pituitary  Extract 

410  30 

:i80'  42 

1750  03 

5tK)  .32 

4 

Pituitary  Extract 

4.50  .54 

45 

.3440  104 

610  87 

180  43 

5 

Pituitary  Extract 

6.30  40 

2272/102 

840  74 

640  52 

6 

Pituitary  Extract 

372  :«) 

1648  17.5 

440.  42 

470  33 

7 

Pituitary'  Kxtrart 

i  4:10  .56 

i.5;w)  no 

520  61 

8 

Pituitary  Extract 

'  260  .37 

5040  208 

;I780  255 

1.560  142 

*♦ 

Pituitary  Extract 

670  8.5 

2000/1.58 

.540  64 

ID 

11,0 

610  4.5 

;  570  30 

670  36 

420  51 

550  :«) 

II 

IM) 

'  4.50/40 

300  51 

2W)  32 

.5.30  20 

460  40 

12 

11-0 

.570  .3.5 

.5.30  38 

310/  20 

.5.Vt/  47 

410/  :15 

t  Seniiii  total  lipid  eonoentralion 
t  Serum  oholesterol  eoiieentrati<m  ). 


nataut  solution  was  adjusted  to  pH  7.4  and  stored  at  —20°  C  until  used. 

The  efTeets  of  a  suheutaneous  injeetion  of  the  extract  of  100  mg.  of 
lyophilized  hog  pituitary  glands  upon  the  serum  lipids  of  the  rabbit  are 
described  in  Tables  1  and  2,  and  in  Figure  1.  In  the  first  series  of  experi¬ 
ments  (Table  1),  serum  cholesterol  and  serum  total  lipid  concentrations 
were  measured  at  intervals  during  the  72  hour  period  after  a  single  injec¬ 
tion.  An  increase  in  the  levels  of  serum  cholesterol  and  serum  total  lipid 
was  observed  0  to  12  hours  after  the  injection.  Serum  cholesterol  and  total 
lipid  levels  attained  a  maximum  IS  hours  after  the  injection.  Serum  choles¬ 
terol  and  total  lipid  usually  returned  to  the  pre-injection  levels  between  24 
and  48  hours  after  the  injection.  In  those  sera  with  an  elevated  cholesterol 
and  total  lipid  concentration,  the  increment  of  serum  cholesterol  consti¬ 
tuted  d  to  1  2%  of  the  increment  in  serum  total  lipid.  Rabbits  that  received 
an  injection  of  114)  instead  of  pituitary  extract  showed  no  statistically 
significant  change  in  serum  cholesterol  or  total  lipid  level. 


Table  2.  Congentratign  of  varkh  s  lipids  in  the  seri  m  <»f  the  rabbit  IS  hgcrs 

AFTER  A  SINGLE  SI  BC  TTANEGI  S  INJECTION  OF  0. 1  M  XiljUl’lI,  EN- 
TRACT  OF  100  MG.  LYOPHILIZED  HO(i  PITI  ITARY  GLANDS 


1 

Hahhit 

SiM'uni  lipid  concentrations 
ht'forc  injection  (inK.%) 

Serum  liiiid  concentrations  18 
hours  after  injection  (nig.%) 

Total 

chol. 

chol.  * 

TV.X 

TL§ 

Total 

chol. 

Free 

chol.  ‘ 

TCI  11 

TL 

1 

4(1 

—  .  (18 

3 

340 

98 

47  199 

839 

1370 

2 

42 

—  i  72 

45 

380 

93 

48  179 

1188 

1690 

3 

oo 

—  !U 

Hi 

390 

70 

16  114 

.520 

940 

4 

38 

;  —  71 

82 

410 

160 

11.5  327 

1773 

2490 

5 

24 

'  —  -  4() 

0 

170 

13.5 

96  319 

2060 

2740 

t  Phospholipids. 

t  Triglvcprides,  calpiilatcd  hv  ditTcrencc  as  follow.s:  TCt  =  TI.  —  PL  —  1  ..5  (Total  Choi.) 
-200. 

§  Total  lipids. 

II  Triglycerides,  calculated  >»y  difference  as  follows:  T(1  =TL  —  PL  — free  chol.— 1.07 
(esterified  chol.)  —200. 
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PPOTBIH 


UPID 


Fig.  1.  Electrophorotic  pattfrn  of  rabbit’s  soruni  before,  and  24  hours  after,  a  single 
injection  of  extract  of  100  mg.  of  lyophilizecl  Iiog  pituitary  glaml.  .\bove:  Electrophoretic 
pattern  of  serum  before  injection.  Below:  Electrophoretic  pattern  of  serum  24  hours 
after  injection,  .\rrow  indicates  origin  in  each  tracing. 


Table  2  shows  the  serum  concentration  of  various  lipids  in  .sera  obtained 
from  5  rabbits  before,  and  18  hours  after,  an  injection  of  the  extract  of  100 
mg.  of  hog  pituitary  glands.  The  increment  of  serum  lipids  IS  hours  after 
the  injection  was  found  to  have  the  following  average  composition:  Tri¬ 
glyceride  88%,  phospholipid  10%,  cholesterol  4%.  Xon-esterified  chole.s- 
'erol  in  the  sera  obtained  18  hours  after  the  injection  varied  between  28% 
md  71%  of  the  total  chole.sterol. 
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I’aper  electrophoresis  of  the  lipeinic  sera  obtained  24  Iiours  after  a  single 
injection  of  hog  pituitary  extract  showed  that  the  increment  of  lipids  was 
present  in  the  serum  in  the  form  of  chylomicra  (Fig.  1).  In  experiments 
where  the  lipemia  was  maintained  for  several  days  by  a  daily  injection  of 
pituitary  extract,  paper  electrophoresis  showed  a  considerable  increase  in 
d-lipoproteins  as  well  as  an  increase  in  chylomicra  (Fig.  2).  In  numerous 
electrophoretic  tracings,  no  change  in  the  a-lipoproteins  was  ever  observed. 

The  transport  of  the  newly  appearing  serum  lipids  in  the  form  of  chylo¬ 
micra,  following  the  injection  of  pituitary  extract,  was  confirmed  by  the 
separation  of  a  lipemic  serum  sample  into  2  fractions  by  centrifugation  at 
2(),()0()  II  PM  for  20  hours  at  specific  gravity  1.00.5.  The  results  of  lipid 
analyses  on  the  “top”  and  “bottom”  fractions  are  given  in  Table  .4.  All  of 
the  increment  of  serum  triglycerides,  phospholipids  and  cholesterol  was 
found  in  the  “top”  fraction,  which  contained  the  chylomicra.  Table  5  also 
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Fig.  2.  Eiectroj)horctic“  pattern  of  rabbit’s  serum  before  treatment,  and  after  3  daily 
injections  of  extract  of  100  mji.  of  acetone-dried  sheep  pituitary  gland.  Above:  Electro¬ 
phoretic  pattern  of  serum  before  treatment.  Below:  Electrophoretic  pattern  of  serum 
24  hours  after  third  injection.  Arrow  indicates  origin  in  each  tracing. 
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shows  that  the  “hotloin”  fraetion  ((‘(mtaiiiiii}?  the  «-  and  d-lij)()j)roteins) 
from  the  serum  ol)tained  IS  hours  after  the  injection  contained  only  half  as 
much  phospholipid  and  one  (piarter  as  much  cholesterol  as  did  the  bottom 
fraction  of  the  serum  obtained  before  the  injection.  This  finding  suggests 
that  the  major  portion  of  the  phospholipid  and  cholesterol  which  is  nor¬ 
mally  trans])orted  in  the  form  of  a-  and  /i-lipoproteins  was  transferred  into 
the  triglyceride-rich  chylomicra  which  appeared  in  the  serum  following  the 
injection  of  pituitary  extract. 

Thirty  minutes  after  the  injection  of  the  extract  of  100  mg.  of  hog  pitui¬ 
tary  glands  the  serum  FFA  level  begins  to  increase.  The  FF.V  level  reaches 
a  maximum  within  the  range  of  2000  to  .‘1200  geep  L.  2  hours  after  the 

Table  3.  Chemicai.  anai.ysis  uk  i.m'ids  i.\  iiuiii  density  and  low-density  kkactdins 

OK  BABBIT  SEHI  M  BEKOKE  AND  IH  HOI  KS  AKTEK  A  SINCiLE  SI  BC  TTANEol  S 
IN.IECTION  OK  IlOH  I’lTl  ITARY  ENTKACT 

Six  nil.  of  scniin  suniplc  was  covored  with  a  layer  of  (i  ml.  1%  Xa('l  solution  ami  centri- 
fiined  20  hrs.  at  20, 000  rpm.  l.ayiT  at  toil  of  tube  (‘‘top  fraetion”),  eonlaininn components 
with  Sj).  (Ir.  <1.00.T,  and  layer  at  bottom  of  tube  ("bottom  fraetion”),  containing  eom))o- 
nents  with  Sp.  tir.  >  t  .005,  were  eidleeted  separately  and  analyzed  for  triglycerides,  cholesterol 
and  phospholipids.  Values  in  table  indicate  amount  of  each  lipid  in  top  or  bottom  fraetion 
derived  from  100  ml.  of  serum. 


Scrum  sample  Fraction 

Triglyceride 

j 

Pliospholi]>id 

(ing.) 

Total  eliol. 

( ms- ) 

Before  injection  *  To() 

8 

2 

3 

Bottom 

•) 

75 

41 

18  hrs.  after  injection  Top 

1 7()5 

203 

1 1!) 

Ihittom 

12 

33 

1) 

injection  and  remains  elevated  at  this  level  for  a  period  of  S  to  IS  hours 
before  declining.  Two  representative  experiments  are  summarized  in 
Figure  ;i. 

The  time  relationships  of  the  changes  in  concentrations  of  .serum  FFA, 
.serum  lipid  and  liver  fat  following  an  injection  of  pituitary  extract  were 
now  studied.  I'ighteen  rabbits  were  injected  with  the  extract  of  100  mg.  of 
lyophilized  hog  pituitary  glands.  (Jroups  of  ‘.i  to  .5  rabbits  were  sacrificed  2, 
1,  0,  S,  12,  and  IS  hours  after  the  injection.  A  group  of  4  normal  uninjected 
rabbits  were  also  sacrificed.  The  .serum  concentrations  of  FFA,  total  lipid 
and  triglyceride,  and  the  liver  fat  concentration,  were  determined  at  the 
time  of  sacrifice.  The  re.sults  are  shown  in  Table  4  and  Figure  4,  and  may  be 
summarized  as  follows:  (1)  Two  hours  after  the  injection,  serum  FFA  level 
averaged  22o7  ge(j.  L.  This  is  S  times  the  .serum  FFA  level  of  the  unin¬ 
jected  group.  Serum  FFA  level  remained  in  the  range  of  KiOO  to  2d()() 
fxeq.  Ij.  during  the  remainder  of  the  18  hour  period  of  study.  (2)  The 
average  liver  fat  concentration  in  the  animals  sacrificed  2  hours  after  the 
injection  was  1.2  times  that  of  the  control  group.  Liver  fat  concentration 
increased  progre.ssively  at  4,  (i,  and  S  hours,  hiigiit  hours  after  the  injection 
the  average  liver  fat  concentration  was  10.0%,  which  is  2.()  times  greater 
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HOURS  AFTER  INJECTION 


HOURS  AFTER  INJECTION 


Fig.  3.  Fffuct  of  a  single  injection  of  ex¬ 
tract  of  100  ing.  of  lyophilizeil  hog  pitui¬ 
tary  gland  upon  serum  FF.V  level  of 
rabbit.  Curves  marked  “j)it.  ext.”  and 
“HjO”  repre.sent  rabbits  injected  with 
pituitary  extract  and  respectively. 


than  tliat  of  the  control  g;roiip.  The  averag:e  liver  fat  concentration  of  the 
rabbits  .sacrificed  12  and  IS  hours  after  the  injection  was  11.0%  and  12.4% 
respectively,  (.4)  Serum  total  lipid  and  serum  triglyceride  levels  of  the  rab¬ 
bits  sacrificed  2,  4,  (5  and  S  hours  after  the  injection  did  not  show  a  stati.sti- 
cally  significant  ditference  from  those  of  the  control  group.  In  the  rabbits 
sacrificed  12  hours  after  the  injection,  a  marked  increase  in  serum  tri¬ 
glyceride  and  .serum  total  lipid  levels  was  found.  X  further  increa.se  in  the 
concentrations  of  serum  triglyceride  and  total  lipid  was  found  in  the  ralibits 
sacrificed  IS  hours  after  the  injection. 


Ejh'cl  of  pituitorif  cxtrocl  upon  blood  yluntnc  and  blood  ucetonc  courenlratiou 

Blood  samples  obtained  from  rabbits  before  and  IS  hours  after  an  injec¬ 
tion  of  the  O.IM  Xa-dlBOj  extract  of  100  mg.  of  lyophilized  hog  pituitary 


TaBI.K  4.  I'.KFKCT  OK  A  SIXCil.K  ST  Bi’I  TA  \ KIM  S  IN.IKCTKIN  OK  0. 1  M  Xil-.HPO,  EXTHAKT  OK 
100  MG.  OK  I.YOFUni.IZEI)  HOG  PITI  ITARY  GLANDS  I  KON  SEKC.M  FF.\,  TOTAL  LIPID, 

AM)  TRIGLYI'ERIDE  roXt'ENTR ATIONS,  AM)  I  PON  LIVER  KAT  CONTEXT,  OK  RABBIT 


Time  after 
injection 

Xo.  of  rabbits 

Serum  FF.\ 
(MPq/b) 

Liver  fat 
content  ( %  of 
wet  weight) 

Serum  total 
lipids 
(mg.%) 

Serum  tri¬ 
glycerides 
(mg.%) 

0  hrs. 

4 

291  +  19* 

3. 9+0.0 

3.50+  10  : 

24  +  7 

2  hrs. 

3 

2257  ±  224 

4. 7+0. 3 

370  +  2i»  1 

14+4 

4  hrs. 

3 

1904+  49 

0.5 +0.3 

.509  +  03 

28+  11 

0  hrs. 

3 

2115  +231 

8.4  +0.3 

449+  .50 

29+  13 

8  hrs. 

3 

22.58  ±238 

10.0+0.7 

403+  08 

48  ±  17 

12  hrs. 

4 

2087  ±245 

1 1  .0+0.2 

13.57  ±  9.5 

030+  75 

18  hrs. 

.T 

1 0.59  ±  3.54 

12.4+0.0 

1880  +  320 

900  ±  223 

Mean  ± standard  error. 
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TRIGLYCERIDE  (019%) 

TOTAL  LIPID  (mg%) 

FFA  (yeq/L)  LIVER  FAT  1%) 


Fig.  4.  ConciMitrations  of  soruni  FF.\,  total  lipid,  and  triglycoride,  and  of  livin'  fat, 
in  rabbits  .sacrificed  at  various  times  afti'r  a  single  injection  of  the  extract  of  100  mg.  of 
lyoiddlized  hog  pituitary  gland.  Horizontal  axis:  Hours  after  injection.  Left  vertical 
axis:  Hernm  concentrations  of  FF.\  (jueii./L.),  total  lipid  (mg.%),  and  triglj-ceride  (mg. 
%);  right  vertical  axis:  Liver  fat  concentration  (%  of  wet  weight).  Each  point  represents 
the  average  value  of  a  grouj)  of  .3  to  5  rabbits.  Data  are  given  in  Table  4. 

glands  were  analyzed  for  gluco.se.  Xo  statistically  significant  change  in 
blood  glucose  following  the  injection  was  observed  IS  hours  after  the  injec¬ 
tion  (Table  o).  Intravenous  glucose  tolerance  tests  in  o  rabbits  with  lipeinia 
IS  hours  after  the  injection  were  also  carried  out,  and  were  found  to  show 
no  difference  from  the  gluco.se  tolerance  curves  in  an  untreated  group  of 
rabbits.  Xo  acetone  was  detected  in  the  blood  of  rabbits  at  any  time  up  to 
IS  hours  after  the  injection  of  the  extract  of  100  mg.  lyophilized  hog  pitui¬ 
tary  glands. 


TaBLK  5.  Co.NCKXTKATIOXS  (IK  BI.OGI)  GI.l'CO.SE  AM)  PLASMA  TOTAL  LIPID  BEFORE 
AM)  18  HOCRS  AFTER  A  SINGLE  SI  BCCTANEOCS  IN.IECTION  OF  0. 1 -M  NajHPOj 
EXTRACT  OF  100  MG.  OF  LYOPHILIZED  HOG  PITCITARY  GLANDS 


Rabbit 

'  Before  injection 

18  hours  after  injection 

Blood  gluco.se 
(mg.%) 

Plasma  total 
lipid  (mg.%) 

Blood  ghico.se 
(mg.%)  i 

Plasma  total 
lipid  (mg.%) 

1 

i  70 

272 

70 

3040 

2 

;  105 

650 

81 

2070 

3 

!  113 

480 

118 

1080 

4 

I  112 

510 

88 

2430 

5 

110 

432 

100 

1.525 

(> 

95 

261 

85 

.5040 

7 

100 

407 

03 

2420 

8 

07 

.560 

105 

2570 

792 
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I{ iatoUxjic  changes  in  the  adipose  f issue  of  treated  rabbits 

The  chemical  characteristics  of  the  lipemic  response  in  the  rai)hit,  to¬ 
gether  witli  the  earlier  studies  (1,  2,  3)  concerning  the  origin  of  the  lipid 
which  accumulates  in  the  liver  of  the  rat  treated  with  crude  pituitary 
extract,  suggested  that  the  cause  of  the  lipemia  produced  in  the  rabbit  by 
pituitary  extract  is  the  release  of  stored  lipid  from  adipose  tissue.  Evidence 
to  support  this  hypothesis  was  obtained  from  histologic  studies  of  the 
adipose  tissue  of  rabbits  treated  for  varying  periods  of  time  with  a  daily 
injection  of  the  O.IM  Xa>HP04  extract  of  100  mg.  lyophilized  hog  pituitary 
glands.  Representative  sections  of  omentum  from  an  untreated  rabbit,  and 
from  rabbits  sacrificed  after  5,  10,  or  15  days  of  treatment  are  shown  in 
Figure  5.  Reduction  in  the  size  of  the  fat  cells,  and  disappearance  of  the 
intracellular  fat  from  many  of  the  fat  cells,  is  apparent  in  the  omenta  of  the 
treated  rabbits.  This  depletion  of  stored  fat  is  most  marked  in  the  omentum 
of  the  rabbit  treated  for  15  days.  Histologic  changes  similar  to  those  ob¬ 
served  in  the  omentum  were  found  in  the  perirenal  and  mesenteric  adipose 
tissue  of  the  treated  rabbits. 

Methods  of  extracting  the  lipemia- producing  material  from  lyophilized  hog 
pituitary  glands 

Pituitary  extracts  were  prepared  from  lyophilized  hog  pituitary  glands 
by  pulverizing  the  glands,  and  extracting  the  powder  with  aqueous  solvents 
(100  cc.  of  solvent  per  gm.  of  pituitary  powder)  with  constant  stirring 
under  various  conditions  of  time,  temperature  and  pH.  Each  extract  was 
then  adjusted  to  pH  7.4  and  tested  at  2  dose  levels  for  lipemia-producing 
activity  in  the  rabbit.  The  dose  levels  represent  the  material  extracted  from 
.“)()  mg.  and  from  100  mg.  of  lyophilized  hog  pituitary  glands.  The  dry 
weight  of  an  alicpiot  of  the  extract,  following  dialysis  against  distilled  H2O 
for  24  hours,  was  also  determined.  The  results  of  these  experiments  are 
given  in  Table  (). 

It  was  found  that  when  the  lyophilized  glands  were  extracted  at  pH  lO.S 
or  S.4  with  O.EM  sodium  phosphate  solution  or  at  pH  7.6  with  2%  XaCl, 
the  injection  of  the  resulting  alkaline  extract  at  the  50  mg.  dosage  caused  a 
statistically  significant  increase  in  the  rabbit’s  .serum  total  lipid  level.  In 
contrast,  acid  extracts  prepared  with  O.IM  XaH2P04,  or  with  glacial  acetic 
acid  by  the  technique  of  Payne  et  al.  (22),  did  not  have  an  effect  at  the  50 
mg.  dosage  level.  At  a  dosage  level  of  100  mg.,  all  5  extracts  had  approxi¬ 
mately  the  same  effect  upon  the  rabbit’s  serum  total  lipid  level. 

.\t  the  .lO  mg.  dosage,  the  greatest  effect  was  caused  by  the  O.IM 
Xa2HP()4  extract.  When  the  insoluble  material  remaining  after  a  4  houi 
extraction  with  0.1. M  Xa2HP04  was  re-extracted  with  O.IM  Xa2HP04  for 
4  hours,  the  resulting  extract  was  found  to  have  no  detectable  lipemia- 
producting  activity.  Thus  a  4-hour  extraction  with  O.IM  X"a2HP04  at 
pH  8.4  appears  to  extract  alt  the  lipemia-producing  material  from  lyo- 


Fig.  5.  Sections  of  omenta  of  rabl)its  treated  for  different  periods  of  time  witli  daily 
injection  of  extract  of  100  mg.  of  lyophilized  hog  pituitary  glands.  Hematoxjdin  and 
cosin;  Xo3.  Upper  left:  Omentum  of  untreated  rabbit.  rpi)er  right:  Omentum  of  rabbit 
sacrificed  after  5  days  of  treatment.  Lower  left:  Omentum  of  rabbit  sacrificed  after  10 
days  of  treatment.  Lower  right:  Omentum  of  rabbit  sacrificed  after  lo  days  of  treat¬ 
ment. 
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Tabi.k  ti.  Kkfe<’t  of  VAKiors  types  of  cki  de  extract  of  lyofhilized 

HO(i  FITl  ITARY  GLANDS  I  POX  THE  SERU  M  LIPID  LEVEL  OF  THE  RABBIT 

Kacli  rabbit  recpived  a  single  subeiitaiieous  injection  of  crude  extract.  The  serum  lipid 
level  was  determined  before  and  18  hours  after  the  injection. 


Kxtractini! 

solution 

Duration  of 
extraction 

pH  of  extrac¬ 
tion  mixture 

Dry  weight  of  dia- 
T.......  b  ifd  extract  of  1 

(?m.  lyophiliaed 
pituitary  glands 

Dosage  t 

No. 

rabbits 

Clianpe  in 
serum  total 
lipid  (mp.^) 

O.IM  .VaaPO, 

4  hrs. 

10.8 

5°  C  360  nut. 

50  mg. 

5 

+  530  ±320* 

O.IM  NaiPO. 

4  hrs. 

10.8 

5®  C  360  iiig. 

100  mg. 

5 

-1-1070  ±2.32 

O.IM  XajHPO. 

4  hrs. 

8.4 

5°  C  230  iiiK. 

50  mg. 

5 

+  7.30  ±205 

O.IM  N'a.HPO. 

4  hrs. 

8.4 

5°  C  230  111(5. 

100  mg. 

5 

-1-1010  ±180 

2%  NaCl 

4  hrs. 

7M 

5®  C  220  111(5. 

50  mg. 

5 

+  .390  +  228 

29f  NaCl 

4  hrs. 

7.6t 

5®  C  220  111(5. 

KM)  mg. 

5 

-1-1380  ±2.57 

O.IM  NaHjPO. 

4  hrs. 

5.3 

5®  C  !»0  iiiR. 

50  mg. 

5 

-1-  60  ±  55 

O.IM  NaH.PO. 

4  hrs. 

5.3 

5®  C  <«»  nip. 

KM)  mg. 

5 

-|-1110±360 

Cilai-ial  aretio  acid 

15  min. 

<  2 

5  — 

50  mg. 

5 

1  -  ltK)±  40 

( Racial  acetic  acid 

15  min. 

<  2 

5  _ 

KM)  mg. 

5 

-  -1-1080  ±405 

t  is  expressed  as  amount  of  lyophilized  hoK  pituitary  elands  from  which  the  injected  extract  was  derived. 

*  Mean  ±  standard  error. 

X  pH  maintained  at  7.6  by  periodic  addition  of  1\  XaOH. 

$  The  powdertKl  glands  were  extracted  for  5  minutes  at  70®  C,  then  for  15  minutes  at  25®  C.  The  mixture  was  centri¬ 
fuged  and  the  supernatant  immediately  lyophilized;  430  mg.  of  lyophiiized  material  was  obtained  from  1  gm.  of  lyophil- 
ized  hog  pituitary  glands. 


pliilized  hog  pituitary  glands.  Tlie  lesser  lipemia-produciiig  effect  of  ex¬ 
tracts  prepared  at  lower  pH’s  may  he  due  either  to  incomplete  extraction 
or  to  partial  inactivation  during  extraction  of  the  lipemia-producing 
material. 

The  amount  of  non-dialyzahle  material  extracted  from  the  lyophilized 
gland  by  acpieous  solutions  was  found  to  depend  upon  the  pH  at  which  the 
extraction  was  done,  being  greatest  at  pH  lO.S  and  least  at  pH  o.A. 

Comparisoti  of  the  lipemia-producing  activities  of  IgophUized  and  acetone- 
dehydrated  pituitary  glands 

Sixteen  different  samples  of  desiccated  pituitary  glands  obtained  from 
hogs,  cattle  and  sheep,  were  examined  for  lipemia-producing  activity.  Kach 
sample  of  desiccated  pituitary  glands  was  pulverized  and  extracted  for  1 
hours  at  .5°  C  with  O.IM  Xa2HP04.  The  resulting  extract  was  tested  at  vari¬ 
ous  dosages  for  lipemia-producing  activity  in  the  rabbit,  by  determining 
the  change  in  serum  total  lipid  level  of  the  rabbit  after  a  single  subcutane¬ 
ous  injection.  The  results  are  shown  in  Table  7. 

Kight  samples  of  desiccated  hog  pituitary  glands  were  studied.  Five  of 
these  samples  had  been  dehydrated  by  lyophilization,  and  R  by  treatment 
with  acetone  at  room  temperature  for  a  period  of  several  days.  The  crude 
extracts  prepared  from  all  but  one  of  the  lyophilized  hog  pituitary  sample.^ 
caused  a  statistically  significant  increase  in  the  serum  lipid  level  of  the 
rabbit  at  a  do.sage  of  .>0  mg.  One  sample  of  lyophilized  hog  pituitary  glands 
(.Vrmour  ^T.iS20())  caused  a  .statistically  significant  increase  in  the  rabbit’s 
serum  lipid  level  at  a  dosage  of  100  mg.,  but  not  at  a  dosage  of  .50  mg.  Tlu 
minimal  effective  dosages  of  the  crude  extracts  prepared  from  the  3  acetone- 
ilried  hog  pituitary  samples  were  100  mg.,  l.oO  mg.,  and  200  mg.,  respec¬ 
tively. 

One  sample  of  acetone-desiccated  beef  pituitaries  and  2  .samples  of 
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TaBLK  7.  Co.MI'AKISON  OF  TIIK  I.ll>EMIA-FKOI)l  C  I\(i  At'TI\ ITIES  OF  VARIOUS 
SAMPLES  OF  WHOLE  PITUITARY  OLANDS 

Each  pituitary  sample  was  extracted  for  4  hours  at  5°  ('  with  K.l  M  NajHl’Oi.  Tlie  ri'sult- 
iiig  crude  extract  was  iiijected  into  the  rabbit  at  tlie  dosages  sliowii  iii  the  table.  Serum  total 
lipid  level  was  determined  before  and  18  hours  after  a  single  subcutaneous  inj(‘ction  of  the 
crude  pituitary  extract. 


Pituitary  gland  sample 

.Method  of 
dehydration 

1  )osage  of 
crude 
extraett 

No. 

rabbits 

Change  in 
serum  total 
lipid  level 
(ing.%) 

Hog  (F.  of  Toronto) 

Lyojihilized 

50  mg. 

5 

-)-  800 +205' 

Hog  (.\rmour  #T38(*07) 

Lyojihilized 

.50  mg. 

4 

4-1010+307 

Hog  (.\rmour  #F51.505) 

Eyo|)hilizeil 

50  mg. 

4 

4-  800  ±245 

Hog  (.\rmour  #F5H)0t)) 

Eyojihilized 

.50  mg. 

.5 

4-  730+205 

Hog  (.\rmour  #U51()0t>) 

I.yo])hilized 

100  mg. 

5 

4-1010  +  180 

Hog  (.\rmour  #T3820()) 

Eyojihilized 

.50  mg. 

.5 

-1-  30  +  42 

Hog  (.\rmour  #T3820(>) 

I,yo|)hilized 

100  mg. 

4 

4-  830  180 

Hog  (Wilson  #103532) 

.\eetone-desieeated 

.50  mg. 

4 

4-  .50  +  .52 

Hog  (Wilson  #103532) 

.\eetone-desieeated 

100  mg. 

.5 

4-  780+228 

Hog  (Wilson  #10()()20) 

.Veetoni'-desieeated 

100  mg. 

4 

4-  .50  +  53 

Hog  (Wilson  #100020) 

.\<-etone-desieeated 

1.50  mg. 

4 

4-  .530  +  100 

Hog  (Wilson  #100518) 

.\eetone-desieeated 

100  mg. 

4 

4-  20  +  00 

Hog  (Wilson  #100518) 

.Veetone-desiceateii 

200  mg. 

4 

4-  080+  .50 

Hct'f  (Wilson  #103(>02) 

.\eetone-desieeated 

100  mg. 

.5 

4-  40  +  .52 

Beef  (Wilson  #103002) 

Aeetone-desieeated 

200  mg. 

4 

4-1200+224 

Sheep  (Parke- Davis) 

.\eetone-desieeated 

.50  mg. 

4 

4-  100+  4.5 

Sheej)  (Parke- Davis) 

.\eetone-desieeated 

100  mg. 

4 

4-  810  +  14.5 

.Sheep  (Parke- Davis)  #220430) 

.Veetoiu'-desieeated 

50  mg. 

4 

4-  40+  31 

.Sheej)  (Parke- Davis)  #220430) 

.\eetone-desieeated 

100  mg. 

.5 

+  700+215 

Human 

Not  dehydrated 

+ 

+ 

0 

+  2100+380 

t  Dosage  represents  mg.  of  desiccated  pituitary  gland  from  which  the  injected  aliipiot  of 
crude  extract  wa.s  derived. 

*  Mean  ±  standard  error. 

t  Each  rabbit  received  the  crude  i-xtract  derived  from  2  human  pituitary  glands. 


acetone-desiccated  sheep  pituitaries  were  studied.  The  crude  extract  of 
acetone-desiccated  beef  pituitaries  did  not  cause  a  statistically  si}j;nificant 
effect  on  the  rabbit’s  serum  lipid  level  at  a  dosage  of  100  nifr.,  but  caused  a 
marked  increase  at  a  dosage  of  200  mg.  The  crude  extract  of  the  two  ace¬ 
tone-desiccated  sheep  pituitary  samples  caused  a  statistically  significant 
increase  in  the  rabbit’s  serum  lipid  level  at  a  dosage  of  100  mg.,  but  not  at  a 
dosage  of  50  mg. 

Twelve  human  pituitary  glands  were  obtained  at  autopsy.  The  average 
time  interval  between  death  of  the  patient  and  autopsy  was  20  hours.  The 
ages  of  the  patients  at  time  of  death  ranged  from  flO  to  75  years.  None  of  the 
subjects  were  known  to  have  an  endocrine  disorder.  The  glands  were  stored 
at  —20°  C  for  periods  up  to  1  month  before  being  assayed  for  lipemia- 
producing  activity.  The  12  glands  were  then  thawed,  homogenized  in  0. IM 
Xa2HP04  and  extracted  for  1  hours  at  5°  C’.  The  resulting  extract  was 
divided  into  S  eipial  ali(piots  and  each  rabbit  received  a  single  subcutane¬ 
ous  injection  of  the  extract  derived  from  2  human  pituitary  glands.  All  (> 
rabl)its  showed  a  marked  increase  in  .serum  lipid  level  IS  hours  after  the 
injection  (Table  7). 
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Tal)le  7  .show.s  that  acetone-desiccation  resulted  in  tlie  disappearance  of 
the  major  portion  of  the  lipemia-producinp;  activity  of  hog  pituitary  glands. 
Four  of  the  o  samples  of  lyophilized  hog  pituitary  glands  were  active  at  a 
dose  level  of  oO  mg.;  the  fifth  sample  (Armour  #T3S20())  was  inactive  at  oO 
mg.,  l)ut  active  at  the  100  mg.  level.  None  of  the  R  samples  of  acetone- 
desiccated  hog  pituitary  glands  was  active  at  the  oO  mg.  level,  and  only  one 
sample  (Wilson  #103532)  was  active  at  the  100  mg.  level.  The  acetone- 
soluble  material  removed  from  hog  pituitary  glands  by  acetone-desiccation 
was  recovered  by  evaporation  of  the  acetone  at  room  temperature.  This 
acetone-soluble  material  was  found  to  have  no  lipemia-producing  activity 
in  the  rabbit.  Furthermore,  addition  of  this  acetone-soluble  material  to  a 
crude  extract  of  acetone-dried  hog  pituitary  glands  tlid  not  result  in  any 
increase  in  the  relatively  low  lipemia-producing  activity  of  this  extract. 
These  observations  suggest  that  the  relatively  low  lipemia-producing 
activity  of  acetone-desiccated  pituitary  glands  is  due  to  inactivation  of  the 
lipemia-producing  substances  within  the  pituitary  gland  by  exposure  of  the 
gland  to  acetone  at  room  temperature  for  periods  of  several  days. 

hJjUrt  of  crude  extracts  of  varioas  other  organs  upon  the  scram  lipid  level  of  the 
rabbit 

In  addition  to  the  pituitary  gland,  9  other  animal  organs  were  studied  for 
their  possible  effect  upon  the  serum  lipid  level  of  the  rabbit.  Fach  organ,  in 
the  form  of  its  desiccated  powder,  was  extracted  for  4  hours  at  5“  C  with 
O.IM  Xa2HP()4  (100  cc.  of  extracting  solution  for  each  gm.  of  desiccated 
tissue).  The  resulting  extract,  adjusted  to  pH  7.4,  was  tested  in  rabbits  for 
lipemia-producing  activity.  Fach  rabbit  received  a  single  injection  of  the 
extract  derived  from  300  mg.  of  desiccated  tissue.  The  results  are  shown  in 
Table  <S.  None  of  the  extracts  of  the  0  animal  organs  had  a  statistically 
significant  effect  upon  the  serum  lipid  level  of  the  rabbit. 

('otnparison  of  lipemia-prodaeing  activities  of  anterior  and  posterior  lobes  of 
hog  pitnitarg  glands 

Lyophilized  samples  of  anterior  and  posterior  lobes  of  hog  pituitary 
glands,  obtained  by  dissection  of  the  fresh  glands  obtained  from  slaugh¬ 
tered  animals,  were  studied  for  lipemia-producing  activity,  l^iual  weights 
of  the  lyophilized  anterior  and  jmsterior  lobes  were  extracted  for  4  hours 
with  O.IM  Xa2liP()4  and  the  resulting  crude  extracts  were  tested  for 
lipemia-producing  activity  in  the  rabbit  at  3  different  dosages.  The  results 
are  shown  in  Table  0.  The  ariterior  lobe  extract  had  a  greater  effect  than  the 
posterior  lobe  extract  upon  the  serum  total  lipid  level  of  the  rabbit  at  each 
of  the  3  dose  levels.  It  can  be  calculated  from  the  dose-response  data  in 
Table  9  that  the  extract  of  the  anterior  lobe  had  2.2  times  more  lipemia- 
producing  activity  than  the  crude  extract  of  an  ecpial  weight  of  the  pos¬ 
terior  lobe.  The  average  weight  of  a  single  lyophilized  hog  anterior  pituitary 
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TaBI.K  8.  EkKKCT  of  <  KI  DK  KXTKACTS  of  VAHIOFS  ANIMAI.  OI{(iA\S 
I  I’ON  THE  SEKl  M  LIl’Il)  LEVEL  OF  THE  KABBFr 

A  clvsiccatcd  powdered  ])rep:irati()n  of  «‘aeli  organ  was  extraett'il  for  4  liours  witli  O.t.M 
N'a2HF()4  at  5°  ('.  The  resulting  extraet  was  injeeted  at  a  dose  whieli  represented  300  ing. 
of  the  desieeated  organ.  Serum  total  lipid  was  measured  before  and  18  hours  after  a  single 
subcutaneous  injection  of  the  extract. 


Organ 

Method  of  dehydration 

No.  rabbits 

('liaiige  in  serum 
total  lipid  (nig.%) 

Liver  (beef) 

.\cet  one-desiccated 

3 

+  30  +  140* 

Kidney  (sheep) 

Lyopliilized 

3 

-  00+  80 

Spleen  (hog) 

.\cetone-desiccated 

3 

-b  10+  21 

Muscle  (sheep) 

Lyopliilized 

3 

0+  03 

Jlrain  (sheep) 

Lyopliilized 

3 

-b  30+  47 

Pineal  (hog) 

.\cet  one-desiccated 

3 

-  .i0+  14 

Pancreas  (hog) 

.\cetone-desiccated 

3 

-b  50+  07 

Duodenum  (hog) 

.\cetone-desiccated 

3 

-b  70+  77 

Thyroid  (hog) 

.\cet  one-desiccated 

3 

-110+  70 

*  Mean  ±standard  error. 


lobe  was  found  to  be  12  nijr.,  and  the  average  weiglit  of  a  single  lyopliilized 
hog  posterior  lobe  was  found  to  be  17  mg.  Thus  a  single  hog  anterior  pitui¬ 
tary  lobe  possesses  5.4  times  the  lipemia-produeing  activity  of  a  single  hog 
posterior  pituitary  lobe. 


DISCUSSION 

The  results  in  Table  7  show  that  pituitary  glands  from  hogs,  sheep,  cattle 
or  humans  contain  a  substance  or  substances  which  produce  lipemia  in  the 
rabbit.  This  substance  is  not  present  in  beef  liver,  sheep  kidney,  hog  spleen, 
sheep  brain,  hog  pineal,  sheep  muscle,  hog  pancreas,  hog  duodenum,  or  hog 
thyroid  (Table  S),  The.se  ob.servations  suggest  that  the  lipemia  which  occurs 
after  the  injection  of  pituitary  extract  repre.sents  a  response  to  one  or  more 
pituitary  hormones,  rather  than  a  non-specific  response  to  the  injection  of 
foreign  material  into  the  rabbit. 

The  ob.servations  in  Table  4  provide  .some  information  concerning  the 

Table  b.  F-ffect  of  cki  de  extkact.s  of  i.Yoi’iiiLii'.Ei)  hog  anterior  axd  posterior 

LOBES  VPON  SERI  M  LIPID  LEVEL  OF  THE  RABBIT 


The  lyojiliilizcd  pituitary  lobes  were  pulverized  and  extracted  for  4  hours  at  5°  C  with 
O.IM  NajUPOi.  Serum  total  lijiid  level  was  determined  before  ami  18  hours  after  a  single 
subcutaneous  injection  of  the  extract. 


•Material  injected 

1  )osage* 

(mg. /kilo 

No.  rabbits 

('hange  in  serum 
total  lipid  level 
(nig.%) 

.\nterior  lobe  extract 

20 

4 

-b  010  +  128** 

.\nterior  lobe  extract 

30 

5 

-b  1470 +408 

.\nterior  lobe  extract 

40 

4 

-b  1780  ±312 

Posterior  lobe  extract 

20 

5 

-b  70+  05 

Posterior  lobe  extract 

30 

4 

-b  340+  .53 

Posterior  lobe  extract 

40 

5 

+  770  +  280 

*  Dosage  is  expressed  as  amount  of  lyopliilized  anterior  or  posterior  lobes  from  which  the 
njected  extract  was  derived. 

**  Mean  ±standard  error. 
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mechanism  hy  whicli  the  injection  of  pituitary  extract  causes  lipemia  in  tlie 
ral)l)it.  Cliemical  analysis  of  the  rabbit’s  serum  and  liver  lipids  at  various 
times  after  the  injection  of  pituitary  extract  shows  that  the  initial  change 
after  the  injection  is  an  increase  in  the  concentration  of  circulating  FFA. 
The  concentration  of  FFA  iji  the  serum  begins  to  imnease  within  dO  min¬ 
utes  and  reaches  a  maximum  within  2  hours  after  the  injection.  The  origin 
of  the  circulating  FFA  has  recently  been  elucidated  (2:i),  It  has  been  shown 
that  FF.\  are  released  into  the  blood  by  adipose  tissue  under  conditions  of 
fasting,  and  are  rapidly  removed  from  the  blood  by  various  other  organs. 
The  present  findings  suggest  that  the  primary  effect  of  the  pituitary  injec¬ 
tion  upon  the  lipid  metabolism  of  the  rabbit  is  to  stimulate  the  release  of 
stored  triglycerides,  in  the  form  of  FFA,  from  the  fat  cells  in  adipose  tissue. 
The  histologic  changes  observed  in  the  adipose  tissue  of  rabbits  who  re¬ 
ceived  a  daily  injection  of  pituitary  extract  for  o  to  1.5  days  are  consistent 
with  this  hypothesis. 

During  the  prolonged  period  of  elevation  of  serum  FF.V  level,  a  more 
slowly  occurring  increase  in  liver  fat  concentration  takes  place.  The  chemi¬ 
cal  composition  of  the  increment  of  liver  lipids  was  not  determined  in  this 
study,  but  the  observations  of  Campbell  and  Lucas  (1)  on  the  liver  lipids  of 
rats  treated  with  crude  pituitary  extract  suggest  that  the  major  portion  of 
the  increment  of  liver  lipids  consists  of  triglycerides.  It  appears  likely  that 
the  progressive  increase  in  liver  fat  concentration  results  from  the  uptake  of 
circulating  FFA  by  the  liver  cells,  with  subsecpient  esterification  of  these 
fatty  acids  to  produce  triglycerides. 

Several  possible  explanations  for  the  S-hour  lag  period  before  the  appear¬ 
ance  of  lipemia  must  be  considered.  The  increment  of  serum  lipids  may  be 
derived  from  FF.V  which  were  released  originally  by  adipose  tissue,  then 
removed  from  the  blood  by  the  liver  cells  and  re-esterified  with  glycerol, 
and  finally  discharged  into  the  blood  in  the  form  of  chylomicra.  The  S-hour 
lag  period  may  represent  the  time  which  is  recpiired  for  these  processes  to 
take  place  within  the  liver  cell.  It  is  also  possible  that  the  increase  in  serum 
lipids  may  result  from  a  different  cause  than  the  increase  in  serum  FF.V  and 
in  liver  fat  concentration.  For  example,  the  pituitary  injection  may  stimu¬ 
late  in  certain  tissues  the  synthesis  of  lipids,  or  the  release  into  the  blood  of 
lipids  without  prior  hydrolysis  to  fatty  acids.  Such  processes  might  take 
place  at  a  slower  rate  than  the  release  of  FF.V  from  adipose  tissue. 

The  increment  of  lipid  which  appears  in  the  serum  S  to  12  hours  after  the 
injection  represents  a  complex  mixture  of  substances,  the  main  component 
of  which  is  triglycerides.  The  triglycerides  are  accompanied  by 
smaller  amounts  of  free  and  esterified  cholesterol  (.5%)  and  phospholipids 
(10%).  It  is  possible  that  the  increment  of  circulating  phospholipids  and 
cholesterol  esters  result  from  the  incorporation,  within  the  liver  cells,  of  a 
small  proportion  of  the  mobilized  fatty  acids  into  phospholipids  and 
cholesterol  esters.  The  resulting  phospholipids  and  cholesterol  esters  may 
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p  hen  he  released  from  the  liver  cells  into  the  blood  together  with  the  larger 
I  )roportion  of  triglycerides.  Further  evidence  concerning  this  possibility  can 
■  )e  obtained  by  chemical  analysis  of  the  liver  lipids  following  the  injection  of 
rude  pituitary  extract. 

The  mixture  of  triglycerides,  phospholipids  and  cholesterol  which  ap¬ 
pear  in  the  blood  12  hours  after  the  injection  of  crude  pituitary  extract 
'xists  in  the  serum  as  particles  of  lipid,  together  with  small  amounts  of 
'  )rotein,  with  a  specific  gravity  (sp.  gr.)  less  than  l.OOo.  When  a  sample  of 
ipemic  serum  was  ultracentrifuged  at  sp.  gr.  l.OOo,  over  07%  of  the  lipid 
loated  to  the  top  of  the  centrifuge  tube.  The  amount  of  cholesterol  and 
jhospholipids  which  was  recovered  in  the  lower  layer  (containing  the 
I  >erum  components  with  sp.  gr.  greater  than  l.OOo)  was  con.siderably  less  in 
this  lipemic  serum  than  in  the  serum  of  the  same  rabbit  before  injection. 
This  finding  suggests  a  tendency  of  the  serum  cholesterol  and  phospholipids 
which  are  normally  present  in  the  serum  lipoproteins  to  be  taken  up  by  the 
chylomicra  which  appear  in  the  serum  following  the  injection  of  crude 
pituitary  extract.  Such  a  phenomenon  was  suggested  by  the  studies  of 
Albrink,  Man  and  Peters  on  human  lipemic  serum  (24).  The  “trapping”  of 
phospholipids  and  cholesterol  in  the  chylomicra  may  play  a  role  in  the  in¬ 
crease  in  concentration  of  phospholipids  and  cholesterol  in  the  rabbit’s 
serum  following  the  injection  of  crude  pituitary  extract. 

A  single  hog  anterior  pituitary  lobe  was  found  to  contain  approximately 
.')  times  as  much  lipernia-producing  activity  as  a  .single  hog  posterior  lobe. 
This  finding  suggests  that  the  major  portion  of  the  lipernia-producing 
material  is  stored  during  life  in  the  anterior  lobe  of  the  pituitary  gland.  The 
lipernia-producing  activity  found  in  the  extract  of  hog  posterior  pituitary 
lobes  may  result  from  incomplete  dis.section  of  the  anterior  and  posterior 
lobes,  or  from  diffusion  of  anterior  lobe  substances  into  the  posterior  lobe 
during  the  interval  between  death  of  the  hogs  and  dis.section  of  the  pitui- 
I  lary  glands.  It  may  also  result  from  the  existence  of  separate  lipernia- 
producing  substances  in  the  anterior  and  posterior  lobes. 

The  extraction  studies  show  that  the  lipernia-producing  material  is  read¬ 
ily  extracted  over  a  wide  lange  of  pH  by  sodium  j)hosphate  or  sodium 
chloride  solution,  or  by  glacial  acetic  acid  (Table  b).  The  greatest  amount 
of  lipernia-producing  activity,  however,  is  extracted  by  O.IM  Na.dlP()4  at 
nil  S.4.  The  studies  of  previous  investigators  (10,  11,  2"))  have  suggested 
that  the  major  lipid-mobilizing  component  in  the  anterior  pituitary  gland  is 
VCTH.  Two  findings  in  this  study  are  at  variance  with  this  conclusion. 
Phe.se  are  the  high  lipernia-producing  potency  of  aqueous  pituitary  extracts 
nrepared  at  pH  7.0-10.8  and  the  low  lipernia-producing  activity  of  acetone- 
dried  glands.  A(pieou.s  alkaline  pituitary  extracts  have  been  shown  to  con- 
ain  relatively  little  ACTH  (20).  Furthermore,  the  .VCTH  content  of 
icet one-desiccated  pituitary  glands  does  not  differ  significantly  from  that 
if  lyophilized  pituitary  glands  (20).  The.se  facts  suggest  the  importance  of 
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pituitary  adipokiiietic  substances  other  thaiiACTH.  A  recent  report  from 
this  laboratory  (12)  showed  that  hop;  pituitary  glands  contain  at  least  one 
lipid-mobilizing  substance  which  is  different  from  ACTII  and  from  the 
other  recognized  pituitary  hormones. 

The  capacity  of  crude  pituitary  extract  to  cause  an  increase  in  the  liver 
fat  content  of  the  mouse  and  rat  has  been  known  for  many  years.  The 
present  study  shows  that,  in  the  rabbit,  this  effect  upon  liver  fat  content  is 
accompanied  by  profound  changes  in  the  concentration  and  composition  of 
the  circulating  lipids.  These  changes  in  the  rabbit’s  circulating  lipids  follow¬ 
ing  the  injection  of  crude  pituitary  extract  probably  result  from  the  com¬ 
bined  action  of  several  different  pituitary  components  (12).  Further  .studies 
are  re(iuired  to  determine  which  pituitary  substances  are  chiefly  responsible 
for  these  effects  in  the  rabbit,  and  to  what  extent  these  substances  may 
influence  the  circulating  lipids  in  other  species. 
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STUDIES  OF  PATHWAYS  OF  GLUCOSE  METABOLISM 
OF  EXDOC'RIXE  TISSUES 
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AM)  PHYLLIS  JOIIXSOX 

Clinivnl  Endocrinology  Branch,  Xntional  Institate  of  Arthritis  and  Mctaltolir  Diseases, 
Xational  Institutes  of  Health,  Bethesda,  Maryland 

ABSTRACT 

Pathways  of  slucost*  oxidation  usinj;  fihicost'-l-C'^  and  nlucos(“-(i-C''^  havo 
lu'oii  studied  in  vitro  in  adroiial,  ovary,  tostis,  ])ituitary  and  i)aratliyroid  slices. 

Tlic  results  indicate  the  existence  of  an  active  hexose  inonojjhosphate  j)athway 
in  all  endocrine  glands  stndual.  Although  in  similar  exireriinents  TSH  in  vitro 
was  eapahle  of  stimulating  glucose  oxidation  in  thyroid  (1),  no  effects  of  I'SH, 

LH,  chorionic  gonadotroidnn  or  anterior  pituitary  i)owder  were  observed  in 
ovary  or  testis.  Neither  .\('TH  nor  3'5'  cyclic  adenosine  monophosi)hate  in- 
hihitc'd  glucose  oxidation  in  slices  of  adnmal  cortex.  Possible  causes  for  this 
ab.sence  of  inhibition  are  di.scussed  in  light  of  the  recent  work  by  Haynes  on  the 
mechanism  of.action  of  ACTH  (b). 

The  hexose  monophosphate  i)athway  for  glucost'  metabolism  in  endocrine 
tissue  is  a  source  of  TPNII,  and  this  cofactor  may  be  of  importance  in  the 
regulation  of  hormone  production. 

PREVIOUSLY  we  have  reported  tlie  exi.steiice  of  the  hexo.se  nionophos- 
phate  pathway  for  glueose  oxidation  in  tlie  thyroid  gland  and  the 
ability  of  thyroid  stimulating  hormone  (TSH)  to  increase  glucose  oxidation 
by  thyroid  slices  (1),  Although  this  hormone  predominantly  stimulated  the 
oxidation  of  gluco.se- 1-C'^  to  there  was  also  an  increase  in  conversion 

of  gluco.se-()-C*^  to  C'H)2.  This  effect  of  TSll  was  evident  within  five  min¬ 
utes  of  the  addition  of  the  hormone  to  the  incubation  medium  and  suggests 
that  its  primary  effect  may  be  an  acceleration  of  glucose  oxidation. 

In  view  of  this  observation  it  seemed  natural  to  investigate  whether  the 
mechanism  of  action  of  other  pituitary  hormones  might  not  be  similar  and 
whether  the  hexo.se  monophosphate  pathway  was  present  in  all  endocrine 
tis.sue.  Evidence  for  the  existence  of  this  pathway  in  testes  (2),  functioning 
3  cells  of  the  islets  of  Langerhans  (B),  and  recently  pituitary  (4)  has  been 
pre.sented.  Glock  and  McLean  have  reported  the  pre.sence  of  glucose- 
d-phosphate  dehydrogenase  and  (i-phosphogluconate  dehydrogenase  in 
adrenal,  ovary  and  thyroid  although  no  studies  were  done  to  evaluate  the 
d)ility  of  these  glands  to  oxidize  gluco.se  via  the  hexose  monophosphate 
?)athway  (o).  The  recent  work  of  Haynes  has  emphasized  the  importance  of 
ihis  pathway  in  steroidogeiiesis  by  the  adrenal  gland  and  has  provided 
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some  insi^lit  into  the  mechanism  of  action  of  adienocorticotropin  (AC’TII) 
(()).  The  present  paper  reports  studies  done  on  various  endocrine  tissues 
using  glucose-l-C‘^  and  glucose-G-C'^  and  tlie  effects  of  the  appropriate 
tropliic  pituitary  hormones  on  glucose  oxidation. 

METHODS 

Calf  adrenals,  testes,  ovaries  and  i)itiutaries  were  obtained  at  an  abattoir,  trans- 
ported  to  the  laboratory  on  iee,  and  used  within  two  hours  of  the  death  of  the  aiuinal. 
Human  ovary  was  obtained  from  a  41-year-old,  i)re-menopausal  patient  underf!;oin<> 
ooi)hereetomy  for  metastatie  eareinoma  of  the  breast.  Parathyroid  adenoma  was  ob¬ 
tained  at  surnery  from  a  i)atient  with  hyperparathyroidism.  \  75-year-old  male  with 
metastatie  eareinoma  of  the  breast  was  the  souree  of  human  testes.  Normal  rabbit 
testes  wen*  also  studied.  The  i)osterior  i)ituitary  was  diss(“et(‘d  away  from  the  anterior 
portion  of  the  ffland.  .\ttemi)ts  were  made  to  eliminat(‘  adnmal  medullary  tissue  from 
the  adrenal  eortieal  slices  by  usiiiK  only  the  two  or  three  outc'rmost  slices  from  each  side 
of  the  fflaml.  The  capsule  of  the  ovary  and  the  tuiuea  vaginalis  of  the  testes  were  dis¬ 
carded. 

Th(“  details  of  tlu“  exp(“rimental  procedure  have  been  described  (I).  hiaeh  sliet*  of 
tissue  was  i)laeed  in  a  25  ml.  flask  eontainiiiff  2  ml.  of  Krebs-Rinser  bicarbonate  buffer 
(pH  7.4),  2  ms-  of  glucose  and  0.5 /xe.  of  either  glueo.se- 1-C'^  or  glueose-(i-Co.  Control 
flasks  without  tissue  slices  but  containing  glucose- 1-C'^  and  glueose-O-C*^  respectively 
were  also  included.  The  flasks  were  gassed  with  95%  ()»  and  5%  C'O-x  and  incubated  at 
.37°  in  a  DubnofT  imdabolie  shaker  for  45  minutes,  .\fter  1  ml.  of  hyamine  base  was  in¬ 
jected  into  the  center  well  the  reaction  was  stopixed  by  the  addition  of  0.2  ml.  of 
ION  HjSOi  to  the  incubation  medium.  The  hyamine  containing  C'^Oj  was  then  trans¬ 
ferred  to  a  counting  vial.  14  ml.  of  0.4%  diphenyloxazole  in  toulene  was  added  and  the 
vials  were  counted  in  a  Packard  licpiid  scintillation  counter.  Results  are  (‘xjjressed  as 
counts  min,  gm.  of  tissue  45  minutes. 

The  average  weight  of  tin'  slices  for  tin*  various  tissues  were  as  follows;  calf  adrenal 
170  mg.;  calf  anterior  pituitary  115  mg.;  calf  ovary  2S0  mg.;  human  o\ary  119  mg.; 
calf  testis  102  mg.;  rabbit  testis  S7  mg.;  human  testis  123  mg.;  human  jjarathyroid 
adenoma  47  mg.  Substances  tested  for  their  effect  on  glucose  oxidation  were  always 
dissolved  in  Krebs-Ring(‘r  bicarbonate*  buffer.  .Kf'd'H  was  either  commercial  .V(’TH 
(ri)john)  or  obtained  as  a  gift  from  Dr.  Robert  Hates,  National  Institutes  of  Health. 
Crude*  bovine  anterior  i)ituitary  peeweler  was  alse)  generenisly  contribute*el  by  Dr.  Hate*s. 
This  mate*rial  was  assayed  for  ge)naele)tre)|)hin  activity  in  40  gm.  immature*  female  rats. 
Daily  inje*ctions  of  10  mg.  fe)r  thre*e*  e*e»nse*e*utive*  days  e*ause*el  a  22%  incre*ase*  in  e)varian 
we'ight  anel  a  35%  increase  in  ute*rine*  weight  while*  30  mg.  inje*ctie)ns  feer  thre-e  days  in- 
cre*ase*d  ovarian  weight  340%  and  uterine*  weight  300%.  3'5'  cyclic  aeleneesine  meeno- 
phe)s|)hate  (3'5'  cyclic  .\MP)  was  pure*hase*el  from  the*  Sigma  C'hemical  (’e).  Follicle 
stimulating  heermeenc  (NIH-FSH-Si)  was  a  gift  from  the*  Fneleecrine*  Study  Se*ctie)n,  Na¬ 
tional  Institute*s  of  He*alth.  Chorionic  geenadedrophin  anel  luteinizing  hormeene*  (LH) 
were*  gifts  from  Dr.  Re»y  Hertz,  Natieenal  (’ane*e*r  Institute,  National  Institute*s  eef  He*altli 

RESULTS 

Table  1  inelicate.s  that  in  adrenal  eortex  the  ratio  of  CHF.  deriveel  froin 
glueo.se-l-C'^  eompared  to  CMFj  from  Kluco.se-ti-C*^  is  greater  than  unity 
This  funetional  demonstration  of  the  hexo.se  monophosphate  pathway  in 
adrenal  cortex  is  consi.stent  with  the  pre.sence  of  high  levels  of  activity  e)l 
some  of  the  nece.ssary  enzymes  (o).  The  addition  of  1  or  o  units  of  .VC'Tll 
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TaBI.K  1.  (ii.rcOSK-l-O"  AM)  <il,r<'()SK-()-('"  OXIDATION  TO  (’"O.. 
BY  ADRKXAI,  COKTKX  SI-ICKS 


Treat  meiit 

.\ mount  per  Mask 

C"(  ).j  (epm  /um. )  de 

rived  from 

Clueose-l-C" 

dlueose-O-C*' 

Control 

_ 

35,3.50 

3,885 

.\CTH 

1  unit 

32, !)()() 

5,130 

ACTU 

5  unit 

35,200 

3,810 

Control 

13,000 

5 , 20.5 

.\CTH 

5  unit 

15,. 520 

3 , 1)55 

3'5'  eyelie  .\.\I  P 

4X10-3.M 

15,000 

5,800 

('all'  ailiTMials  wen'  used.  Tlicrc  wen*  4()0, (•()()  cpiu  of  }>;l'i<'os(>-l-('"  and  475,000  fpin  of  }jln- 
(•osi‘-()-('‘^  addl'd  to  the  aiipropriate  flasks.  (Ilncose  concentration  was  2  inK./2  ml.  Two  sepa¬ 
rate  (*x])erim(‘nts  are  included  and  the  results  are  the  avera<ies  of  two  closely  ayireein^  vahu's. 


per  flask  did  not  alTect  {iluco.se  oxidation.  Fui'tliei'inore  no  (‘lianf>:e  was  evi¬ 
dent  when  4X10~'‘M  of  d'o'  eyelie  AMP  was  present  in  the  incnitation 
inediuin.  It  was  thouglit  tliat  an  effect  of  d'o'  cyclic  AMP  inifrht  he  masked 
in  experiments  where  there  was  a  relatively  larfjie  amount  of  glucose  present 
in  the  incubation  medium  as  compared  to  the  amount  of  glucose-ti-pho.s- 
phate  w  Inch  might  he  liberated  in  the  gland  fiom  glycogen  breakdown.  For 
this  reason  the  experiment  was  repeated  with  O.Oti  mg.  of  gluco.se/2  ml.  of 
incubation  medium  rather  than  2  mg.  2  ml.  of  medium.  However,  it  still 
was  not  po.ssible  to  demonstrate  any  effect  of  d'o'  cyclic  .\.MP  (Table  2). 
The  greatly  increased  number  of  counts  in  C'H).,  reflects  the  higher  specific 
activity  of  the  glucose-(’'^  in  the  incubation  medium. 

The  presence  of  the  hexose  monophosphate  pathway  for  glucose  oxida¬ 
tion  in  ovarian  slices  is  evident  from  Tal)le  d.  When  human  ovarian  slices 
were  used,  no  stimulatory  effect  was  seen  in  the  presence  of  sheep  FSH  or 
bovine  LH  in  the  medium.  Because  of  the  species  differences  in  these  two 
pituitary  hormones,  the  experiment  was  repeated  using  calf  ovary  and 
bovine  anterior  pituitary  powder.  However,  no  change  was  ob.served  in 
glucose  oxidation.  Studies  with  testicular  slices  are  summarizeil  in  Table  4. 
The  existence  of  the  hexose  monophosphate  pathway  in  this  tissue  has  been 
previously  demonstrated  (2).  Regardless  of  whether  calf,  rabbit  or  human 
testicular  tissue  was  u.sed,  it  was  not  possible  to  alter  consistently  glucose 


Tabi.k  2.  Faii-i  re  ok  3'5'  cyci.ic  .\MI’  to  akkect  omcose  oxidation  in  the 

PRESENCE  OF  I.OW  (il.l'COSE  CONCENTRATION 


Tri'at  ment 

.\mount  per  flask  — 

C‘'(  )j  (epm/jjm.) 

(h'l'ived  from 

( ilueose-l-C*' 

( 'ilueose-O-C'*' 

Control 

123,000 

25,. 500 

3 '5'  eyelie 

4X10 

121 ,000 

.30,750 

Calf  adrenals  were  used.  'riuTc  wore  4Hl),0(K)  cpin  of  jrlucosc-l-( and  45.5,000  epm  (tl'i- 
cosi'-O-C'^  added  to  the  appropriate  flasks,  (lliieose  eoncentration  was  0.00  nin./2  ml.  Tli(‘ 
results  are  the  avc‘ra(jes  of  two  closely  anreeinn  values. 


S04 


FIELD.  FASTAX,  HERRlXd  AND  JOHNSON 


Volinne  67 


T.\ble  3. 

(in  COSE-l 

•C'*  AM)  (;Lrc<)SK-()-(' 
BY  OVAKIAX  SLU  ES 

“  <).\in.\Tio.\  TO 

C>M»2 

Tissue 

Treatment 

.\ mount  per 
flask 

C”Oj  (cpm/gm.)  derived  from 

(ilucose-l-C"  {ilucose-l)-('*^ 

Human  Ovarv 

Ckmtrol 

_ 

1 ,730 

307 

Human  <  tvarv 

FSH 

1  mg. 

1  ,574 

312 

Human  Ovary 

LH 

1  mg. 

1  ,.521 

005 

Calf  Ovarv 

Control 

_ 

10,800 

717 

('alf  Ovary 

Pituitary 

Powder 

.50  mg. 

13,875 

.543 

Thfn“  wert'  415,000  rjim  of  and  485,000  cpin  of  glucoso-(»-C‘^  addod  to  the 

approijriate  flasks.  Bovine  anterior  i)ituitary  powder  was  used.  Two  separate  ex])eriinents 
are  included  and  the  results  are  the  averages  of  two  closely  agreeing  values. 


metabolism  using  FSH,  LIl,  clioiionie  gonadotrophin  or  crude  pituitary 
extract. 

'I'able  o  indicates  that  gluco.se- l-C*^  gives  rise  to  more  C'H)2  than  does 
glucose-()-C‘^  in  both  parathyroid  and  anterior  pituitary  slices.  The  hexo.se 
monophosphate  pathway  has  been  described  in  this  latter  tissue  as  well  as 
in  the  posterior  pituitary  gland  (4). 

DISCUSSION' 

Although  it  has  been  shown  that  TSII  stimulates  glucose  oxidation  in 
fhyroid  slices  (1),  it  has  not  been  possible  to  ob.serve  this  effect  in  other 
endocrine  tissues  when  the  appropriate  pituitary  trophic  hormones  were 
te.sted.  The.se  findings  suggest  that  the  .stimulatory  action  of  the.se  other 
hormones  on  their  target  glands  is  exerted  by  a  different  mechanism  than 
that  of  TSH.  In  view  of  the  work  by  Haynes  on  the  mechanism  of  action  of 


T.\ki.b  4.  (li.i  <  <»sK-l-C"  .\.M)  <a.i  cosK-fi-C*  o.md.xtiov  to  U'io.^  by 

TE.'^TIS  SLICES 


Tissue 

Treatment 

Amount  prr 
liiisk 

('“Oj  (cpm/gm.)  derived  from 

(Jluco.se-l-C”  (ilucos»‘-0-C“ 

Human  Testis 

('ontrol 

5,0.50 

1 ,044 

Human  Ti'stis 

FSH 

1  mg. 

5,875 

820 

Human  Ti'stis 

LH 

1  mg. 

0 ,  .505 

1,177 

Human  Testis 

('horionic 

(ionadotro])hin 

1  mg. 

4,400 

1,187 

Hahhit  Testis 

(kmtrol 

— 

17,415 

7,800 

Hahhit  Testis 

FSH 

1  mg. 

I2,.5‘.tO 

7 ,747) 

H.ahhit  Testis 

LH 

1  mg. 

17 ,5.50 

7,800 

Hahhit  Testis 

('horionic 

(ionadotrophin 

1  mg. 

15,. 500 

5,000 

('alf  Te.stis 

('ontrol 

_ 

33,800 

047 

Calf  Testis 

FSH 

1  mg. 

33,800 

740 

('alf  Testis 

Pituitary  Powchu' 

.50  mg. 

20,2.50 

(i38 

There  were  4()5,(K)0  cpm  uf  gl ucu.se- i-C”  and  455,('IK(  cpni  of  glucose-(>-C'‘^  addi'd  to 
the  appropriate  flasks.  Bovine  anterior  pituitary  powder  was  used.  Three  separate  e.xperi- 
inents  are  included  and  the  results  are  the  averages  of  two  closely  agreeing  values. 
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ACTH  on  adrenal  slices,  it  is  not  surprising  that  there  was  no  increase  in 
oxidation  of  the  ^hicose  in  the  medium  using  this  tissue  ((5).  However  if  tlie 
sole  mechanism  of  action  of  ACTH  on  adrenal  steroidogenesis  is  mediated 
through  an  accelerated  glycogenolysis  as  a  result  of  increased  amounts  of 
'.Vo'  cyclic  AMP,  then  one  might  expect  that  in  the  presence  of  ACTH  or 
d'o'  cyclic  AMP  one  would  observe  an  inhibition  of  the  oxidation  of  ghi- 
cose-C'^  in  the  medium  since  its  specific  activity  would  effectively  l)e  de¬ 
creased  by  the  preferential  oxidation  of  unlabeled  glucose-fi-phosphate 
coming  from  glycogen  breakdown  in  the  gland.  Even  in  the  presence  of  an 
extremely  low  concentration  of  glucose  in  the  medium,  there  was  no  evi¬ 
dence  of  any  iidiibition  of  glucose-C'^  oxidation  when  '.Vo'  cyclic  AMP  was 
present.  Therefore  our  failure  to  observe  inhibition  was  not  due  to  there 
being  such  a  large  amount  of  gluco.'^e  in  the  medium  that  any  dilution  effect 
as  a  result  of  glycogenolysis  would  be  minimal.  The  concentrations  of  '.Vo' 


Tabi.k  .t.  Gi.i  cosk-I-C'*^  and  oxidatkin  to  C^'O..  by  ih  man 

PARATHYROID  ADENOMA  SI.K'ES  AND  CALK  ANTERIOR  PITl  ITARY  SLICES 


Tissue 

C''d)2  ((■iiin/gm.) 

derived  I'roni 

dlufose-l-E'^ 

(Jlueose-ti-C" 

Parathyroid 

11 ,31)0 

.5,205 

.\iiterior  Pituitary 

7,030 

017 

There  wi're  47.5,000  epiii  of  uliieose-l-t-'*^  and  477,000  epin  of  uliieose-O-tA'  added  totlie 
appropriate  flasks.  The  results  are  the  averages  of  two  (dosely  agreeing  values. 


•V.MP  and  .VCTH  were  similar  to  those  reported  by  Haynes  as  sufficient  to 
increase  the  phosphoryla.'^e  activity  of  adrenal  slices  (7).  Since  we  did  not 
measure  either  phosphorylase  activity  or  steroid  production  by  the.se  slices 
it  is  conceivable  that  in  our  experiments  there  was  no  .stimulation  liy  '.Vo' 
A.MP  or  ACTH  of  the.se  parameters.  Other  differences  between  the  design 
of  our  experiments  and  those  of  Haynes  were  that  he  u.sed  a  phosphate- 
saline  buffer  and  pre-incubated  his  slices  in  the  presence  of  gluco.se  for  20 
minutes  before  adding  either  cyclic  AMP  or  ACTH  (S).  This  pre¬ 
incubation  period  may  be  e.s.sential  to  build  up  adrenal  glycogen  stores  since 
it  is  obvious  that  in  the  absence  of  adrenal  glj’cogen,  no  stimulatory  effect 
of  ACTH  mediated  by  '.Vo  cyclic  AMP  would  be  evident. 

The  existence  of  the  hexose  monophosphate  pathway  for  glucose  oxida¬ 
tion  seems  to  be  universal  in  endocrine  tissue.  Although  tlie  studies  utilizing 
parathyroid  and  pancreatic  islet  cell  tissue  i^.V)  were  performed  on  adenomas 
rather  than  normal  ti.ssue,  it  is  likely  that  they  do  not  differ  (lualitatively 
from  normal  ti.ssue.  Hecently  Lazarus  and  Hradshaw  have  reported  histo- 
chemical  evidence  for  the  pre.sence  of  gluco.se-fi-phosphate  dehydrogenase 
in  normal  pancreatic  /i  cells  (fi).  The  importance  of  the  hexose  monopho.s- 
phate  pathway  as  a  source  of  reduced  triphosphopyridine  nucleotide 
(TPXH)  and  the  role  of  this  cofactor  in  synthetic  reactions  has  recently 
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been  emphasized  (10).  TPXH  is  known  to  be  involved  in  several  steps  of 
steroid  biosynthesis  (11,  12).  Its  possible  role  as  a  regulator  of  insulin  secre¬ 
tion  by  pancreatic  (3  cells  has  previously  been  discussed  (b).  TPXH  has  also 
been  found  to  stimulate  protein  synthesis  and  thus  could  be  of  importance 
in  pituitary  production  of  the  various  trophic  hormones  (18). 
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A(TTK  EFFIXTS  OF  ('ORTK'OSTKROID  MIXTURES  AND 
THE  17-SPIR()EA(T()NE  SC-8109  OX  SODIUM, 
POTASSIUM,  AND  WATER  EXd^ETIOX 
IX  ADREXALECTOMIZEI),  WATER- 
LOADED  RATS 

KICIIAPD  E.  BAILEY' 

IhlHirtmeul  of  Medicine,  Stanford  I'nirersiln  School  of  Medicine, 

San  I'ranciHco,  California 

AHSTHACT 

Multiple'  iiit('ri('lationsliips  of  cortisol  aiul  corticosterone,  aldosterone  and 
1)('A.  and  the  17-si)irolaetone,  S('-S10!),  on  water  and  electrolyte  exerc'tion 
were  studied  in  the  water-loadeel  adrenaleetoinized  rat.  Tlu'  results  are  eoin- 
patihle  with  the  postulate  that  DC’A  and  aldosterone  cause  increased  sodium 
real)sori)tion.  with  which  SC'-SIOO  inte'rl'eres  at  a  renal  tubular  site.  S('-S109 
does  not  prevent  the  natriuresis  caiisi'd  by  cortisol  or  corticostt'rone. 

MIXI']HAL()(X)imC()Il)S,  sucli  as  desoxycorticosterone  and  aldo¬ 
sterone  are  known  to  result  in  acute  sodium  retention  and  potassium 
excretion  when  administered  to  experimental  animals  and  man.  (Vrtain 
.synthetic  steroids  with  a  17-spirolactone  confi{j;uration  (1)  have  been 
demonstrated  to  reverse  these  etTects,  and  are  presumed  to  exert  their  ef¬ 
fects  on  electrolytes  by  competition  with  mineralocorticoids  in  the  renal 
tubule  (2,  .S).  Compouuds  in  this  group  are  :i-()l-oxo-17d-hydroxy-4-an- 
drosten-17a-yl)  propionic  acid  lactone  (SC-o2:id),  its  19-nor  analog  (8C- 
8109),  and  its  7a-acetylthio  analog  (SC-942()).  This  study  was  performed  to 
explore  effects  of  corticosteroid  mixtures  on  renal  water  and  electrolyte 
excretion,  and  to  determine  if  combined  use  of  certain  corticosteroids  and  a 
17-spirolactone  might  provide  a  useful  natriuretic  mixture. 

METHODS 

For  each  assay,  iiiiu'  adn'ualcctoinizcd  female  albino  rats,  of  the  Sloiiaker  strain 
(Stanford  colony,  inbred  since  1924)  weiffhinf!;  150  to  100  ^m.,  wen'  ('inployed.  'I'his 
three-day  method  usc's  three  groups  of  thn'e  rats  and  has  been  described  previously  in 
detail  (4).  In  this  study,  the  steroids  tested  were  1 1 -desoxycorticosterone  acetab' 
(1)('A).  aldosterone,  eortieo.sterone  (H),  hydrocortisone  (cortisol),  2-methyl-9a-fluoro- 
hy<lrocortisone  (2-m('-FF),  and  S('-.S109.  Ninety-five  p('r  cent  ethyl  alcohol  was  used  as 
the  solv('nt.  I  riiu'  was  colh'ctc'd  for  five  hours  aft('r  the  administration  of  5  cc.  of 
distilled  water  intraperitoneally  and  tlu'  t»'st  material  (0.05  cc.)  intramuscularly.  The 
five-hour  exerc'tion  of  urine',  sodium,  and  jeotassium  was  measuri'd.  When  mixture's  of 
stc'roids  wc'rc'  e'lnploye'd.  tlu'sc'  we're'  dissolve'd  toge'thc'r  in  0.05  cc.  and  admiidste're'd  in 

He'c'e'ive'd  .Vjeril  20,  1900. 
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one  injection.  In  two  exj)erimcnts-,  .S('-H109  and  aldosterone  or  DCA  were  injected 
separately  into  opposite  legs.  In  this  ease,  the  mineraloeorticoid®  and  SC-8109  wen* 
concentrated  separately  so  their  total  combined  solvent  volumes  were  identical  to  that 
employed  when  they  were  administen'd  .separately.  Sodium  and  potassium  were  de¬ 
termined  by  flame  photometry. 

To  gauge  the  effect  of  the  test  substance  on  a  rat’s  output  of  water,  sodium  or  po¬ 
tassium,  the  following  index  of  mean  output  difference  was  calculated :  Z  =  U  —  (C  -|-S),  2. 
'rids  index  (Z)  was  used  to  show  the  difference  between  the  five-hour  output  when  the 
test  substance  (!’)  was  administered,  and  the  average  of  the  outputs  when  the  I)C.\ 
standard  (S)  and  the  solvent  control  (C)  were  administered.  'I'lie  units  in  which  Z  was 
exi)ressed  were*  ee.  for  urine  output,  and  for  either  sodium  (jr  potassium.  To  sum¬ 

marize'  the  information  given  by  all  the  rats  in  a  single  experiment,  the  Z’s  were  first 
averaged  for  each  of  the  three  groups.  ’I'ln'ii  these*  greeuj)  average's  were'  averageel. 

RESULTS 

Ill  nil,  2()  assay.s  were  performed.  In  the  fir.st  18  assay.s,  eortisol  oO 
SC-(S1()<)  0.()")  mg.,  and  aldo.sterone  0.2  /xg.,  were  te.sted.  The  eight  po.s.sihle 
eomhination.s  of  the.se  drugs,  and  the  mean  output  differences  are  shown  in 


T.\BI.E  1.  .\VERAGE  KESCeiXSES  (Z)  IX  C'ORTIseeL,  80^-8109 
.\LDe>STERe>NE  EXPERIMENTS 


No.  of 
expi'P. 

Ahio 

Cortisol 

SC-8109  1 

•Mean  outimt  ditTeri 

i'liee 

IbO 

ee.  1 

Xa 

>xBq. 

K 

A*Kq. 

•j 

0 

0 

0 

-0.18 

27.8 

-10.4 

I 

0 

0 

+ 

-0.21 

10.2  1 

-  1  .7 

1 

0 

+ 

0 

0.98 

io,=j.:i 

40.  :i 

2 

0 

+ 

+  : 

1.19. 

97.0 

20 .  r> 

T 

+ 

0 

0  1 

-0.4:1 

-  48.1 

18.9 

•->(  +  !*) 

-h 

(1 

+ 

-0.09 

4 .0 

-  0.7 

2 

-1- 

+ 

0 

0.77 

71  .0 

4:1.  :i 

T 

+ 

+ 

+ 

0.0:1 

102.8 

30.8 

Stand.'ird 

I'Tror  for  single  experiment 

0.21 

18 

12 

*  Inje'ctienis  in  se'parate  le'gs;  nei  signifie-aiit  elifferenee'. 


Table  1.  In  the  tables,  the  presence  of  a  .steroid  is  indicated  by  a  +,  and  its 
absence  by  0.  Thus,  when  all  three  .steroids  are  absent  (0),  only  the  solvent 
control  was  given.  Significant  difference  is  expressed  at  the  5%  level. 

The  meaning  of  an  entry  is  illustrated  as  follows.  The  value  —0.18  cc.  in 
the  first  row  means  that  on  the  average  the  control  rats  (treatment  0,  0,  0) 
excreted  0.18  cc.  less  urine  on  their  “unknown  (U)”  day  than  on  their  other 
two  days  averaged.  Where  a  mean  output  difference  is  ba.sed  on  a  single 
experiment,  the  standard  error  of  the  mean  is  indicated  by  the  figure  at  the 
base  of  the  column:  where  it  is  the  average  of  two  experiments,  then  its 
standard  error  is  only  about  7  10  that  amount :  if  the  average  of  8,  then  it  is 
about  0  10  that  amount.  It  can  be  seen  by  inspection  that  in  the  four  treat- 

-  'I'lie  term  “minendoi'urtieuid,”  although  n  .t  strictly  eorri'ct,  has  been  ri'strieted  to 
stt'i'oids  witli  sodium-n't.'iining  jiroperties  as  dc'termiiK'd  by  this  assay  method. 
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inent  eomhinatioiis  in  which  cortisol  was  present,  tliere  was  increased  excre¬ 
tion  of  urine,  sodium,  and  potassium.  Other  effects  were  smaller  and  less 
clear-cut.  The  data  in  Table  1  were  analyzed  as  a  2’  factorial  experiment 
(with  variance  independently  estimated  within  all  experiments).  The  com¬ 
putations,  made  by  Yates’  algorithm  (o),  give  estimates  of  all  effects.  The 
results  of  such  analy.sis  were: 

Water:  The  presence  of  cortisol  in  all  treatment  combinations  resulted  in  a 
large  increase  in  water  excretion.  The  average  water  output  difference, 
when  cortisol  was  present,  exceeded  the  average  output  ditference  when 
cortisol  was  absent  by  1.12  cc.,  with  a  standard  error  of  0.125  cc.  The  tend- 


Tabi.k  1A.  Avekage  SGDU m  oi  tim  t  difkehence 
(m.Imi./o  hours) 


Aldo  ' 

SC-8  lot) 

Absent 

Present 

Absent 

00.0 

57 . 4 

S.IO.  =  11 

s.i:.  =  ii 

Present 

11.8 

40.2 

S.K.  =  11 

S.K.  =  10.5 

ency  for  less  urine  excretion  when  aldosterone  was  u.sed  was  not  .significant 
(0.10  cc.  ±0.12o  cc.).  Iidiibitory  effects  did  not  occur. 

Sodium:  Cortisol  increased  sodium  output  on  the  average  by  0()  ij.Va\.,  with 
a  standard  error  of  11  Aldosterone  decreased  sodium  output  on  the 

average  by  Rl.o  hVa\.,  with  a  standard  error  of  11  this  effect  was 

complicated  by  inhibition  with  SC-8100.  Table  lA  shows  the  results. 

Scrutiny  of  Table  l.\  shows  aldosterone  (0.2  jug.)  reduced  sodium  output : 
this  effect  was  essentially  wholly  blocked  by  the  presence  of  O.Oo  mg.  of 
SC-8100.  Pdfly  jug.  of  cortisol  increased  the  total  level  of  sodium  excretion 
but  did  not  affect  the  inhibitory  effect  of  SC-8100  on  aldosterone. 

Potassium:  Cortisol  increased  potassium  excretion  by  dO.o  m1‘^<1-  (Sli  =  7.d 
MKq.)>  and  SC-8100  reduced  potassium  excretion  by  10.7  mI'-O-  (Sl'i  =  7.8 
juKq.)*  other  effects  were  significant. 

In  Table  2,  the  next  12  experiments  are  shown.  In  these  desoxycortico- 
sterone  acetate  (5  fxg.)  was  used  instead  of  aldosterone. 

The  results  of  analysis  as  a  2*  factorial  were: 

Water:  Cortisol  again  increased  urine  excretion.  On  the  average,  the  Avater 
output  difference  was  1.08  cc.  greater  when  cortisol  was  present  than  when 
cortisol  was  absent;  this  figure  has  a  standard  error  of  0.125  cc.  Neither 
DCA  nor  SC-810&  exerted  any  significant  effect  on  water  output. 

Sodium:  Cortisol  again  augmented  sodiun:  excretion  markedly.  The  aver¬ 
age  increase  in  the  sodium  output  difference  was  00.1  mI'-O-  =  1 1  mI'^O-)- 
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Tablk  2.  Avkhace  hesbonses  (Z)  ix  cortisol,  S('-810i>  and 
DC'A  EXPERIMENTS 


Mean  output  (litTprcnco 


exper. 

DCA 

Cortisol 

SC-SKMt 

H,D 

Na 

K 

VC, 

nl-Ai. 

2 

0 

1) 

1) 

-0.18 

27.8 

-  10.4 

I 

0 

1) 

+ 

-0.21 

17.2 

-  1.7 

1 

0 

+ 

1) 

0.08 

lo.T.a 

40 .  :i 

2 

(1 

+ 

+ 

1  .  10 

07.0 

20 . .") 

i 

+ 

0 

a 

-0.27 

-  Vi. -2 

0.2 

•-’(  +  !*) 

+ 

0 

+ 

-0.10 

-  0.8 

-  10.8 

1 

+ 

+ 

0 

0.00 

21  .0 

100.0 

1 

+ 

+ 

+ 

0.78 

i:U).7 

80.0 

Standard  Krror  for  f^ingle  pxpprinipiit 

0.21 

18 

12 

*  Si'iiaratp  legs;  no  sicuificant  ilitTcrpiire. 


In  addition,  DCA  and  SC-<Sl()t)  exerted  significant  effects,  but  the  picture 
was  complicated  by  significant  inliibition.  Tlie  relevant  averages  are  dis¬ 
played  on  Table  2A. 

This  can  be  summarized  by  saying  DCA  reduced  sodium  excretion  if 
SC-SlOff  was  absent;  in  the  presence  of  O.fio  mg.  of  SC-SlOl),  the  effect  of 
this  dose  of  DCA  was  essentially  completely  blocked.  Fifty  mS-  of  cortisol 
increased  the  total  level  of  sodium  excretion  but  did  not  affect  the  inhibi¬ 
tion  of  DC.V  action  by  SC-S109. 

Potassium:  The  interactions  between  every  pair  of  steroids  were  all  signifi¬ 
cantly  large,  and  exceeded  twice  their  standard  errors.  Overall  averages  can 
themselves  be  misleading  when  there  are  numerous  large  inhibitory  effects. 
In  Table  2H,  the  large  effect  of  cortisol  in  increasing  potassium  excretion 
can  be  seen  from  the  fact  that  all  the  entries  in  the  lower  part  of  the  table 
(where  cortisol  is  present)  are  much  larger  than  those  in  the  upper  part 
where  cortisol  is  absent. 

Other  interpretations  were  very  difficult  because  of  the  large  interaction 
effects,  which  suggested  that  the  effect  of  cortisol  was  greatly  modified  by 
the  particular  combination  of  SC-SlOff  and  DC\\  with  which  it  was  com¬ 
bined.  Xo  clear  pattern  was  observed.  One  meaningful  finding  was  the 
effect  of  SC-SlOff  oti  iidiibition  of  potassium  excretion.  This  effect  varied 
with  different  combinations  of  DC.V  or  cortisol. 


Table  2A.  Average  jsodii  m  oi  tim  t  dikkerexce 
(/i.Kfi./.5  tiours) 


DCA 

SC-8100 

.\bspiit 

Present 

.\bsent 

00.0 

57 . 4 

s.E.  =  n 

S.E.  =  11 

I’rosput 

-10.8 

01  .0 

S.E.  =0 

S.E.  =  10..5 

1 

I 
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Table  2B.  Average  potassii  m  oi  tiht  differences 
(/uEq./D  hours)* 


DCA 

SC-81()i» 

■Vb.sent 

Present 

Cortisol 

.Vbseiit  1 

-  lfi.4 

-  1  .7 

.\l)sent 

Present  i 

-1 

:  ”'“(1.2' 

-  10.8 

DCA 

s('-8H)it 

.\bsent 

Present 

Cortisol 

Absent 

40.  :t 

20.. -> 

Present 

Present 

10(1.0 

Hll.O 

*  Numbers  within  lilocks  have  stiindard  errors  rangint'  from  7  to  12.  .\n  average  of  about 
10  or  1 1  is  a  good  appro.ximation. 


DCA  alone  ((i.2-(-l().S))  =23.0 
Cortisol  alone  (40.3-2(),o)  =  Ifi.S 
DC.V  and  eortisol  together  (100-30.0)  =70.0 

It  is  not  clear  that  the  first  two  of  these  are  significant.  But  when  SC- 
SlOO  was  added  to  cortisol  and  DCA,  the  increased  potassium  excretion  was 
prev  ented.  When  both  DCA  and  cortisol  were  absent,  the  effect  of  SC-SlOO 
did  not  differ  from  the  solvent  control. 

In  Table  3,  the  eleven  experiments  using  corticosterone  (30S  ;ug.),  SC- 
SlOO  (O.Oo  mg.),  and  DC.\  (o  ;ug.)  are  shown. 

The  results  of  analysis  as  a  2'^  factorial  were* 

Water:  Only  corticosterone  (B)  demonstrated  a  significant  effect,  .\nimals 
treated  with  B  excreted  more  water  than  animals  not  receiving  B;  the  dif¬ 
ference  averaged  1.40  cc.  (  ±0.14  cc.). 

Sodium:  B  increased  sodium  output,  on  the  average  by  o2.0  m^O- 
/ilaj.).  DCA  decreased  sodium  excretion,  on  the  average  by  00.4  mBo- 
(SK  =  12  /ihap).  There  were  no  other  significant  effects  or  inhibitions. 


Table  '.i.  Average  he.si’oxses  (Z)  in  H,  S('-8101(  and 
DCA  EXI’ERI.MENTS 


No.  of 
oxper. 

D('A 

S('-810(t 

-Mean  output  flilTerenee 

H,.<)  !  Na  K 

ee.  mEi).  mE((. 

2  0 

0 

0 

-0.18 

27.8 

-10.4 

1  0 

0 

± 

-0.21 

17.2 

-  1.7 

1  0 

± 

0 

-0.27 

-48.2 

0.2 

:t  0 

1  ± 

I 

-0.10 

-  0.8 

-10.8 

1  + 

i  0 

0  ! 

1  .87 

77.0 

07.0 

1  + 

1  ** 

± 

1  .1.5 

11(1.. 5 

54 . 5 

1  ± 

± 

0 

1 .02 

0.0 

.52.8 

1  + 

1  + 

± 

1  .82 

24.0 

10.8 

Standard  Error  for  single  experiment 

0.21 

18 

12 
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Table  4.  AvEHACiE  responses  (Z)  in  SC-810y  and  2-methyl- 

y«-FLr0R01IYI)H0C0HTlS0NE  EN PERI M ENTS 


Xo.  of 

Treatment 

-Mean  uutjnit  ditT. 

\ 

cxpor. 

SC-8  toy 

2  Me-FF 

IloO 

Xa 

K 

:  mg- 

Mg- 

'  ee. 

mEo- 

MEq. 

1 

none 

0.  U)(t 

-85.8  ' 

25.8 

1 

none 

1 .4:i 

0.177 

—  07 . 5 

81.4 

1 

O.t).') 

().:«) 

-t).:m 

-88.8 

-  5.1 

1 

0 .  t>o 

1 .4:1 

0.178 

85.4 

21.7 

Staiulard  !• 

!rror  for  sinule 

experiment 

0.21 

18 

12 

Potassium: 

B  increased  potassium  excretion,  on  the  average 
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In  the  next  four  experiments,  the  effect  of  O.Oo  mgm.  of  SC-<Sl()f)  was 
assessed  in  the  presence  of  2-methyl-9a-fiuorohydrocortisone,  at  two  differ¬ 
ent  doses,  0.3  MS-  1--I3  ng.  Tliese  experiments  demonstrated  marked 
inliihition  of  sodium  retention  without  change  in  potassium  e.xcretion.  The 
results  are  shown  in  Table  4. 

In  terms  of  water  and  potassium  excretion,  neither  SC-8109  nor  the 
dosage  change  in  2-me-FJ''  had  a  significant  effect;  there  was  no  iidiibition. 

Sodium:  The  addition  of  SC-S109  to  2-me-FF  caused  increased  sodium  ex¬ 
cretion  (blocked  sodium  retention),  and  this  effect  was  significant.  This 
effect  was  significantly  greater  at  the  higher  dose  of  2-methyl-9a-fluoro- 
hydrocortisone  than  at  the  low  dosage  level.  The  effect  of  SC-S109  at  1.43 
Mg.  of  2-me-FF  =  35. 4-( —97.5)  =  132.9  mF(i-  The  effect  of  SC-S109  at  0.30 
Mg.  of  2-me-FF  = —33.3-( —  85.3)  =52.0  mFo-  This  suggests  augmented 
blocking  of  sodium  excretion  occurred  with  higher  mineralocorticoid 
dosage. 

DISCUSSION' 

The  administration  of  cortisol,  corticosterone  and  cortisone,  to  water- 
loaded  adrenalectomized  rats  results  in  increased  sodium  output  and  en¬ 
hanced  glomerular  filtration  rate  (4,  6,  7,  8).  It  is  uncertain  whether  the 
increased  sodium  excretion  is  caused  by  an  increased  glomerular  filtration 
rate.  Aldosterone  (0.2  mK-)  has  been  shown  to  increase  sodium  reabsorption 
without  significantly  affecting  the  GFH  as  measured  by  the  creatinine 
clearance  (7).  The  increased  Gh"H  reported  by  Henzi  (0)  was  associated 
with  the  use  of  larger  do.ses  of  aldosterone  (25-100  mK-)  than  employed  in 
the  present  study.  It  is  difficult  to  be  certain  that  a  decline  in  (IFR,  too 
small  to  measure,  could  not  account  for  diminished  sodiuni  excretion  after 
administration  of  aldosterone  or  desoxycorticosterone. 

The  administration  of  DCA  (10  mK  )  fo  the  water-loaded  adrenalecto¬ 
mized  rat  has  been  shown  to  result  in  enhanced  potassium  excretion  with¬ 
out  .significant  change  in  GFK ;  0.2  mK-  aldosterone  appeared  in.sufficient  to 
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atTect  potassium  excretion  (7).  Potassium  retention  has  been  demonstrated 
to  occur  in  adrenalectomized  dogs  when  cortisone  was  sul)stituted  for  I)CA 
altliough  (IFR  remained  tlie  same  or  increased  (9).  Cortisone  and  cortisol 
in  doses  of  4  mg.  or  more  may  induce  increases  in  the  CIF'H  and  potassium 
loss  in  adrenalectomized  dogs  (10).  This  evidence  suggests  that  the  potas¬ 
sium  diuresis  that  occurs  with  cortisol  or  cortisone  may  be  independent  of 
(iFK  and  related  to  potassium  .secretion  in  the  distal  tubule.  Since  large 
variations  in  potassium  excretion  occur  in  the  water-loaded,  adrenalecto¬ 
mized  rat  when  large  doses  of  corti.sol  are  employed,  more  complete  study 
will  be  necessary  to  determine  whether  the  addition  of  SC-S109  to  cortisol 
and  DCA  will  uniformly  prevent  the  increased  potassium  excretion  which 
which  was  observed  in  one  of  the  present  experiments.  The  failure  of  aldo¬ 
sterone  or  DCA  alone  to  affect  potassium  excretion  may  indicate  the  doses 
employed  were  too  small. 

It  has  been  found  that  aldosterone  does  not  affect  the  excretion  of  a 
water  load  when  given  to  adrenalectomized  rats  in  doses  sufficient  to  cause 
marked  sodium  retention  (7,  11,  12,  Id).  Henzi  cl.  nl.  showed  in  water- 
intoxicated  rats  that  aldosterone,  hydrocortisone,  desoxycorticosterone  and 
corticosterone  were  diuretic  ((>)  but,  excepting  hydrocortisone,  their  doses 
exceeded  those  employed  in  the  present  study.  Desaulles,  employing  a 
higher  dose  of  aldosterone  (1-100  jug.  kg.)  than  used  in  the  present  experi¬ 
ments,  similarly  observed  great  improvement  in  the  impaired  diuretic  re¬ 
sponse  of  animals  .submitted  to  a  water  toad,  and  the  effects  of  cortisol 
generally  resembled  those  of  aldosterone  (S).  Our  results  with  corti.sol  are 
substantially  in  agreement  with  those  of  Desaulles.  De.soxycorticosterone 
had  little  or  no  effect  on  impaired  urinary  excretion  in  the  water-loaded 
animals  (0,  8). 

In  the  pre.sent  experiments,  the  dosage  of  mineralocorticoid  or  SC-S109 
used  did  not  modify  water  excretion  singly  or  in  combination.  The  inertness 
of  SC-S109  when  used  alone  agrees  with  the  findings  of  other  investigators 
using  the  dog  and  rat  (2,  R).  The  findings  of  Desaulles  agree  with  those  of 
Cross  and  Dettbaiai  (14)  and  Cro.ss  (1.5)  concerning  the  effects  of  cortisol 
and  desoxycorticosterone  in  adrenalectomized  dogs  but  they  differ  regard¬ 
ing  the  effects  of  aldosterone. 

Since  the  respon.ses  observed  with  .separate  injections  of  SC'-81()9  and 
.aldosterone  or  desoxycorticosterone  compared  to  combined  injection  were 
not  significantly  different,  it  appears  that  local  interaction  at  the  injection 
site  is  not  an  important  factor.  Theoretically,  such  local  interaction  could 
a:ive  the  appearance  of  renal  blocking  activity,  and  might  involve  mutual 
d)sorption,  inhibition,  or  inactivation. 

The  data  are  compatible  with  the  postulate  that  DCA  and  aldosterone 
ause  increased  .sodium  reabsorption  in  the  adrenalectomized,  water- 
oaded  rat,  and  that  SC-81()9  interferes  with  this  effect  at  a  renal  tubular 
ite.  SC-8109  does  not  prevent  the  natriuresis  cau.sed  by  cortisol  or  corti- 
osterone. 
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STUDIESON  PHENOLIC'  STEROIDS  IN  HUMAN  SUBJEC'TS: 
EVALUATION  OF  ENZYMATIC  HYDROLYSIS 
OF  ESTROGEN  ('ONJUGATES^  ^ 


\V.  ICOV  SLAUNWIHTE,  Jr.  and  AVERY  A.  SANDBERC; 

Roswell  Park  Memorial  Institute,  Buffalo,  Sew  York 
AHSTHAC'T 

A  (•()ini)aris()n  of  tlic  al)ility  of  tliroc  (‘iizyinc  preparations  of  bacterial, 
inainiualian  and  inollusean  origin  to  liydrolyze  urinary  and  hilary  eonjupites 
of  the  metabolites  of  (''^labelled  estrone.  estra<liol-17/8  and  estriol  revealed 
the  last  to  be  slightly  superior  in  hydrolyzing  urinary  conjugates  and  markedly 
supc'rior  in  hydrolyzing  biliary  conjugates.  It  is  recomimuided  that  for  the 
hydrolysis  of  urinary  estrogen  eonjugatt's,  incubation  with  dOO  units  of  mol- 
lusean  /3-glueuronidas(‘  pt'r  millilit(‘r  of  urine  be  eonduett'd  at  |)H  .i.o  and  .37°  (’ 
for  90  hours.  For  the  hydnilysis  of  biliary  estrogen  conjugate's,  tlu'  eoneentra- 
tion  should  be  increased  to  I.IKM)  units/ml.  .\.  combination  of  enzymatic  hy¬ 
drolysis  and  eontimious  extraction  at  pH  1  will  liberate  30  .50%  more  conju¬ 
gate's  thiin  will  re'fluxing  urine'  feir  4.5  minute's  with  .5%  (v  v)  e'eine'e'ntnite'el 
sulfuric  aeiel. 

-Vll  thre'e'  pre'panitiems  e-eentaine'e!  e'lizyme's  e'apabh'  eef  meedifying  neeii-e'em- 
jugate'el  t'streme,  e'straelieel-l 7/3  anel  e'strie)!.  In  the  ease'  eef  e'str!ielie)l-l7j8.  eem- 
versiems  were-epiite'  e'xte'iisive'.  Thus,  the  inte'rpretatieen  e)f  metabe)lie' e'xpe'H- 
ments  is  eeunplieate'el  whe'ii  eene'  e>f  the'  jere'paratieens  is  e'lnpleeye'el  fe»r  hyelreelysis 
e)f  e'euijugate's. 

.\lthe)Ugh  the  inhibitieen  by  Hg+^  anel  ('u++  e»f  enzymatic  activity  teewarel 
phe'neelphthalein  glueosieluremate'  was  reve'rse'el  by  e'thylene'eliamine'tetrae'ctie' 
aeiel,  this  substance  hael  lu)  effe'ct  upem  the  inhibitieui  preeeluee'el  by  urine.  On 
the  basis  eef  the  thermal  stability,  ultrafiltrability  anel  the  inseelubility  in  e'thyl 
acetate  of  the  inhibite)r(s),  it  was  e'euielueh'el  thiit  the'  inhibitieen  is  preebably  elut' 
te)  eeempe'titieen  by  eether  glueeesielureenates  |)re'se'nt  in  urine  anel  bile. 

Even  thousli  the  hydrolysis  of  estrogen  coiijutiiates  is  the  first  and 
perhaps  the  most  important  step  in  the  analysis  of  estrogen  metahe)- 
lites,  no  uniform,  adequate  or  efficient  liyelrolytic  procedures  exist  today. 
The  recent  isolation  of  metabolites  .sensitive  to  acid  and  alkali  (1,2,  J),  as 
well  as  older  data  indicating  alteration  or  destruction  of  estradiol  and 
estriol  during  the  course  of  hot  acid  hydrolysis  (4,  .5),  make  procedures 
involving  hot  acid  hydrolysis  as  the  primary  .step  obsolete.  At  the  pre.sent 
time  the  only  mild  method  of  hydrolyzing  |tf-glucosiduronates  is  the  enzy¬ 
matic  approach.  Sulfates  of  17-ketosteroids  are  apparently  rapidly  .solvo- 
lyzed  at  pH  1  (b). 

/3-Glucuronidase  is  commercially  available  in  this  country  in  crude  form 
from  the  bacterium  A',  ro/i,  from  mammalian  (bovine)  liver  or  spleen,  and 

H('eeive<l  .Vpril  23,  19ti(). 

'  This  study  was  supp(jrt('d  in  i)art  by  a  grant  (C’Y-3.5.59)  from  tlu'  National  Insti¬ 
tutes  of  Health,  Fnited  States  Public  Health  Service 
-  Presented  before  the  Kndocrine  Society,  .June,  lObO. 
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from  the  mollusc  (snail),  Helix  pomatia.  In  this  study  the  ability  of  these 
three  enzyme  preparations  to  hydrolyze  estrogen  conjugates  will  he  com¬ 
pared  to  each  other  and  to  conventional  acid  hydrolyses.  In  addition,  it  will 
be  shown  that  artifact  formation  is  a  definite  possibility  when  the  commer¬ 
cial  forms  of  these  enzymes  are  employed. 

EXPERIMENT.\L 

Knzi/mes. — Tlircc  (‘iizynie  preparations  were  used:  mammalian  /3-slueuronidase^  (MA), 
a  ^-(?lueuronidase  obtained  from  E.  eoli*  (B)  ami  an  intestinal  extract  of  Helix  fjomatin^ 
(MO)  whieli  contained  both  /3-slueuronidase  and  i)henolsulfatas(‘.  .\11  these  i)rei)arations 
were  ndatively  crude  and  undoubtedly  eontaimal  many  enzymes  in  addition  to  the  ones 
under  study. 

Emi/me  nssai/s. — /3-Glueuronidase  was  assayed  by  the  method  of  Talalay  and  Fishman 
(7).  To  0.2  ml.  of  water,  bile  or  urine  containing /3-glueuronidase  were  added  0.2  ml.  of 
0.1. M  acetate  l)uffer  at  j)!!  4..o  (in  the  ease  of  (B)  0.075.M  phosphate*  buffer  at  pH  0.8) 
ami  0.2  ml.  of  sodium  ))henol])hthalein  glueosiduronate*  solution  (0.001. oM).  .\fter 
incubation  at  37°  (’  for  30  minutes,  the  reaction  was  stoi)|)ed  and  the  color  of  tin* 
liberates!  pheneilphthalein  eleveloi)e‘el  by  the  aelditieen  eef  2.4  ml.  of  0.2  .M  glycine  buffer  at 
pH  10.4.  The  sami)le‘s,  with  appreejjriate  eeentreels  ami  stamlards,  we're  re-ael  at  .540  mix. 
One  unit  eef  /3-glueure)nidase  will  liberate  1  /xg.  e»f  jeheneelphthalein  fremi  the*  substrate 
pe-r  henir  under  the'se  ceenditieens. 

I’heneelsulfatase  was  assayeel  by  the*  metheeel  of  .larrige*  and  Henry  (8).  'I'e)  0.40  ml.  eif 
water,  bile  or  urine  containing  pheneelsulfatase  were  aehleel  0.3.5  ml.  of  O.IM  acetate 
buffer  at  jeH  .5.2  ami  0.7.5  ml.  of  i)e)tassium  p-nitreephenyl  sulfate  .solution  (0.001. M). 
.\fter  ineid)ation  at  37°  ('  feer  1.0  hemr,  the  re'aetion  was  stoppeel  by  the  aeldition  of  l.;50 
ml.  of  1.19M  seeelium  carbonate  se)lution.  The  samples,  with  api)roi)riate  controls  and 
stanelarels,  were  reael  at  410  mix.  One  unit  of  phenolsulfatase'  will  liberate  1  /xg.  of  i)-nitro- 
phenol  from  the  substrate  per  hour. 

Rndioaetivitu  nnsny. — Radioactivity  was  measured  as  previously  described  (9). 

Radionetive  urine  nnd  bile. —  lO-C'*- Estrone  (2.7  /xe./mg.),  4-('‘^-estradiol-1 7/x  (.5.3/xe.,,  mg.) 
and  10-C'*Wstriol  (20  /xe  mg.)  {ea.  1  /xe.)  were  injected  intravenously  into  human  sub¬ 
jects.  Erine,  collected  under  toluene  until  the  specific  activity  diminished  to  1,000 
2,000  counts,  ml.,  was  n'frigerated  until  the  collection  was  comj)let('d  whereui)on  the 
e.\|)eriments  wen*  started.  Bile  was  also  collected  from  patients  having  T-tube  drainage 
of  the  common  bile  duet. 

////f/rob/.sf.s. — To  each  10  ml.  portion  of  urine  or  bile  wi're  added  varying  amounts  of 
enzyim*.  and  the  mixtures  wen*  incubated  for  varying  lengths  of  time*.  The  urine  or  bile 
was  buffered  at  j)!!  .5.0  for  (M.V)  and  (MO)  and  at  i)H  0.8  for  (B).  Each  .sami)le  was  then 
extracted  three  times  with  2-3  volumes  of  ehloroform.  This  was  shown  to  remove  small 
amounts  (<10  mK-)  of  the  labelled  starting  materials  from  urine  (piantitatively.  The 
radioactivity  contained  in  alixpiots  of  both  the  combined  extracts  and  the  residual  urim* 
was  determined.  Enzymatic  activity  remaining  in  certain  specimens  after  incubation 
was  also  determined. 

’  Ketodase,  a  product  of  Warner-C'hileott  Laboratories,  New  York. 

*  Obtained  from  Sigma  ('hemieal  C'ompany,  St.  Louis,  Mo. 

*  Glusulase,  a  product  of  Endo  Laboratories,  Richmond  Hill,  New  York.  We  wish 
to  thank  Dr.  Samuel  H.  Gordon  and  Mr.  Jos-eph  I'shkow  for  the  generous  supply  of 
Glusulase. 

®  The  j)roduct  obtained  from  .Sigma  Chemical  Company  is  labeled  phenoli)hthalein 
glueuronidate,  sodium  salt. 
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Si'leetod  samples  of  urine  were  extraett'd  eontinuously  witli  ether  at  jili  1  for  4S 
hours  and/or  refluxed  for  45  minutes  with  1.5  X  sulfuric  acid  eoiien.  lljSOt,  v  v). 
The  treated  urine  was  extracted  as  previously  described  (t)). 

Because  recovery  of  radioactivity  followiii}:;  enzymatic  hydrolysis  was  uniformly  poor 
in  the  case  of  urinary  metabolites  of  Ib-C'M'striol,  an  experiment  was  i)erformed  to  de¬ 
termine  if  estriol  was  being  catabolized  to  low  molecular  weight  products.  .\  subject 
received  1  /ic.  of  16-C‘M'striol  intravenously,  anil  urine  was  collected.  Eighty  milliliters 
of  urine  containing  1,046,000  counts  min.  were  incubated  with  1,000  units  of  (M())/m!. 
of  urine  for  96  hours  in  an  apparatus  designed  to  trap  carbon  dioxide  as  barium  carbo¬ 
nate.  The  system  was  then  flushed  by  blowing  expired  air  through  it.  The  jirecipitate  was 
plated  and  counted. 

To  the  residual  urine  were  added  25  ml.  of  water  and  1  ml.  of  lOX  sulfuric  acid  and 
45  ml.  of  water  were  then  slowlv  distilled.  .\  1  ml.  jiortion  of  the  distillate  was  assayed 
for  radioactivitj"  in  a  liquid  phosphor  counter  (Technical  Measurements  Corporation 
Model  LP-2.V)  using  20  ml.  of  D.V.M  liipiid  jihosphor  (10).  .Vpiiropriate  corrections  were 
made  for  the  cpienching  jirodueed  by  wat(*r.  The  residual  urine  was  then  extracted  in 
the  usual  manner  and  both  the  extract  and  the  extracted  urine  counted. 


HESULl’S 

Inhibition  of  enzymatic  activity. — Fifteen  cation.s  were  tested  at  a  concentra¬ 
tion  of  0.001  M  for  possible  inhilntory  activity  in  tlie  standard  enzyme 
assay.  Ca++,  Sr++,  Ha++,  Cr+++,  Fe^++,  Co^^+,  Xi+^,  Zn+^,  Cd"-, 

s;n++++,  Pb++,  and  Mn+^  had  no  inhibitory  activity.  Hg.++,  on  the  other 
hand,  completely  inhibited  both  /S-glucuronidase  and  phenolsulfata.se 
activity.  At  a  concentration  of  10  'CM  Hg+^,  (MA)  remained  07%  inhil)- 
ited,  but  (MO)  and  phenolsulfatase  of  Helix  pomatia  were  oidy  2.5%  inhib¬ 
ited.  Kthylenediaminetetracetic  acid  (FDTA),  final  concentration  0.02;iM, 
reversed  the  effect  of  all  concentrations  of  Hg^^  employed.  While  Cu+  + 
produced  a  ()0%  itdiibition  of  (MA)  and  a  70%  inhibition  of  (B),  there  was 
no  effect  on  the  two  molluscan  enzymes.  Mercuhydrin  (methoxyoximer- 
curipropylsuccinylurea  theophylline),  an  organic  mercurial,  and  iodoace- 
tamide  had  no  effect. 

Both  urine  and  bile  (Table  1)  contain  substances  which  inhibit  /i-glu- 
curonida.se  activity  toward  phenolphthalein  glucosiduronate  instantane¬ 
ously.  Inhibitory  power  is  variable  from  person  to  person  and  from  day  to 
day  in  the  urine  or  bile  of  the  same  person.  The  amount  of  inhibition  was 
proportional  to  the  amount  of  urine  u.sed,  but  at  some  point,  actually  in¬ 
creased  the  activity  of  the  /i-glucuronida.se.  The  inhibitory  power  of  urine 
was  not  destroyed  by  boiling  for  10  minutes  or  by  pa.ssage  through  an  ultra- 
filter.  Extraction  of  the  urine  at  pH  7  with  ethyl  acetate  had  no  effect.  The 
addition  of  0.1  mg.  of  various  complexing  or  binding  agents,  such  as  bovine 
or  human  serum  albumin,  protamine  or  EDTA,  to  the  enzyme  assay  sy.s- 
tem  did  not  influence  the  inhibition  cau.sed  by  0.1  ml.  of  urine.  Penicillin 
was  added  to  all  incubation  mixtures  since  addition  of  an  antibiotic  did  not 
further  inhibit  enzymatic  activity  and,  in  the  case  of  (B),  prevented  bac¬ 
terial  growth. 

The  enzymatic  activity  remaining  after  incubation  at  .37°  C  for  4S  00 
hours  was  determined  at  the  two  highest  enzyme  concentrations  em- 
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Tahle  1.  Inhibition  ok  ji-GLUciRoxiHASE  activity  by  urine  and  bide  expressed 

AS  %  OF  THE  control;  VALUES  ARE  AVERAGE  OF  SAMPLES 

Tlie  ilctivity  of  20-S()  units  of  (i-Rlueuroiudase  was  assayed  in  tlic  presence  of  0-100  mI- 
of  urine  or  bile.  .Ml  samples  were  diluted  to  0.2  ml.  with  water.  The  color  introduced  by  50 
and  100  m1-  of  bile  interfered  with  spectrojihotometric  readings  and  are,  therefore,  omitted. 


Specimen  | 

Volume 

Bacterial  [ 

Mammalian  | 

Molluscan 

Trine  ! 

!  100  mI- 

80  ' 

77 

Trine 

50 

80 

til) 

88 

Trine 

10 

81) 

1)5 

1)7 

Trine 

5 

1)0 

1)2 

100 

Trine 

1 

1)5 

101 

104 

Bile 

10  Axl. 

iia  ! 

21) 

127 

Bile 

5 

no 

:i:i 

114 

Bile 

1 

107 

41 

1)8 

ployed.  Since  enzymatic  activity  clianged  in  e.s.sentially  tlie  same  manner 
at  tlie  two  concentrations,  only  the  results  obtained  with  the  higher  con¬ 
centration  are  shown  in  Table  2.  iMizymatic  activity  toward  phenolphthal- 
ein  Klucosiduronate  is  {piite  .stable  after  the  initial  instantaneous  drop, 
h'specially  in  the  ca.se  of  (MO),  substantial  amounts  of  enzymatic  activity 
remain  after  incubation  for  9()  hours.  The  increase  in  activity  upon  addition 
to  bile  in  the  case  of  (B)  and  (MO),  but  not  (MA),  was  also  evidenced  in 
Table  1.  This  phenomenon  is  not  understood. 

The  effect  of  pH  on  d-shicuronidase  activity  was  determined  usins  both 
phenolphthalein  Klucosiduronate  and  the  urinary  conjugated  metabolites  of 
C'^-estradiol  as  .substrates.  In  the  latter  case  .sub-optimal  conditions  were 
employed,  that  is,  100  units  ml.  of  (MA)  and  (MO)  and  10  units  ml.  of  (B). 
The  first  two  were  incubated  for  24  hours  at  37°  C,  the  last  for  4  hours  at 
37°  C.  The  results  (Table  3)  show  that  (MA)  has  a  broad  maximum  cen¬ 
tered  at  pH  .5.0,  (MO)  has  a  maximum  of  combined  d-Rhicuronidase  and 
phenolsulfatase  activity  at  pH  .5.-5  and  (B)  has  maximal  activity  at  pH 
0.3-().S. 

One-half  of  a  urine  containinf?  radioactive  metabolites  of  estradiol  was 
acidified  to  pH  3  and  extracted  with  butanol.  The  alcohol  was  evaporated 
in  vacuo,  and  the  residue,  dis.solved  in  water,  was  treated  identically  with 

Table  2.  Knzymatiu  activity  (as  %)  remaining  after 

INCUBATION  WITH  ;i-GLUCUR()NIDASE 


From  100-200  /xl-  of  urine  or  50  ^1-  of  bile  diluted  to  0.2  ml.  with  water  was  assayed  for 
residual  enzymatic  activity  after  incubation  for  48  1)0  hours. 


Specimen 

Bacterial  (1)0)' 

Mammalian  (1000) 

Molluscan  (1000) 

48= 

72 

1)0 

48 

72 

1)0 

48 

72 

1)0 

Trine  (5)’ 

28 

10 

15 

47 

H5 

42 

08 

78 

1)0 

Bile  (4) 

I4:t 

121 

81) 

20 

14 

15 

112 

120 

185 

Pregnancy  urine 
(2) 

51 

:14 

:14 

71 

80 

21 

1)0 

08 

08 

‘  Concentration  of  enzyme  in  units/ml. 

’  Time  of  incubation  in  hours. 

*  The  numbers  in  parentheses  indicate  the  number  of  samples  on  which  determinations 
were  performed. 
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Tabi.e  3.  Kekect  of  pH  ox  hydrolysis  of  irixary  (J.J.)  coxjroATEi)  metabo¬ 
lites  OF  C‘^-ESTRAI)IOL 

Kii/\ine  foiicuutriitioiis;  (MA)  and  (MO),  100  uiiits/inl.;  (U),  10  units/inl.;  iiu-iiOation 
nine:  (MA)  and  (MO),  ‘24  hours;  (14),  4  hours. 


pH 

%  hydndysis 

pH 

! 

%  hydrolysis 

Mammalian 

.Mollusean  . 

Bacterial 

4.0 

40 

5.8 

47 

4..'> 

48 

54 

o.:{ 

51 

5.0 

48.5 

57 

0.8 

51 

o  .o 

40 

00 

7.3 

40 

0.0 

:}7 

02 

the  urines,  i.e.,  hotli  were  buffered,  liydrolyzed  and  extracted  in  similar 
fashion.  Tlie  results  shown  in  Table  4  demonstrate  a  small,  but  consistent, 
difference  in  percentage  hydrolysis  favoring  the  butanol-extracted  material. 

flj/drolnsifi  of  uritHirif  radioactive  compounds.  As  expected  S-shaped 
curves  were  obtained  when  per  cent  hydrolysis  versus  the  logarithm  of  the 
enzyme  concentration  was  plotted.  The  results  from  two  urines  are  shown 
graphically  in  Figure  1,  but  to  conserve  space  only  the  values  obtained  at 
the  two  highest  enzyme  concentrations  are  shown  in  Figure  2.  The  per¬ 
centage  hydrolysis  in  Figure  2  was  computed  on  the  basis  of  the  sum  of  the 
radioactivity  contained  in  the  extract  and  in  the  a(iueous  residue.  In  most 
cases  this  was  nearly  eipiivalent  to  the  amount  originally  present  in  the 
urine  or  bile.  In  the  urine  or  bile  subjects  receiving  Ki-C'^-estriol,  however, 
substantial  amounts  of  radioactivity  were  lost.  In  the  case  of  (B)  and 
(MA)  10-d()%  was  lost  while  in  the  case  of  (MO)  20  40%  was  lost,  and 
in  one  case  (A.L.,  2nd  bile  sample)  there  was  a  00%  loss  of  radioactivity, 
riie  loss  appeared  to  be  a  function  of  the  enzyme  concentration,  rather 
than  the  time  of  incubation,  and  of  the  enzyme  preparation  employed, 
(MO)  always  producing  a  greater  loss  than  the  other  two  enzymes.  In  a 
single  experiment  there  was  no  radioactive  carbon  dioxide  formed  from 
l()-C’^-estriol  upon  incubation  with  (MO).  The  steam  di.stillate,  however, 
did  contain  21, ()()()  counts/min.  (2%  of  the  total).  The  total  recovery  of 

Table  4.  ('(i.mi'arisox  of  the  hydrolyzability  of  i  binary  cox.iroATEs  of 
THE  metabolites  OF  O^-ESTRADIOL  IN  FRIXE  AND  IN  BFFFER 
(after  n-bi  tanol  extraction) 

The  concentnitioiLS  of  enzyme  were  as  follows:  bacterial,  100  iinits/ml.;  mammalian  and 
mollusean,  1000  units/ml.  Ineuhation  time  was  00  hours.  Values  are  averages  of  two  deter¬ 
minations. 


Enzyme 

Urine  Xo.  1,  2,  3 

Urine 

Xo.  4 

Original  urine 

HuOH  extract 

Original  urine 

BuOH  extract 

%  H' 

%H 

%  H  %  U 

%  H 

%  R 

%H 

%  B 

lacterial 

40 

70 

51  80 

'  57 

84 

(iO 

00 

lammalian 

0  4 

01 

02  02 

(tO 

80 

To 

02 

violluscan 

73 

00 

72  03 

'  04 

80 

77 

95 

'  %  H  is  the  per  cent  of  the  radioactivity  hydrolyzed  and  extracted.  %  H  is  the  percent 
f  the  radioactivity  recovered  in  both  the  organic  and  aqueous  phases. 
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N  H  URINE  »  I 
c“-  ESTRONE 


I  molluscan 
gQ^  B-OUXUSONIDASt 

MAMMALIAN 

BACTfRIAl 


70- 


60- 


-0.52 


II  I  I  I  , -  j  — 

0  0.48  I  148  2  2  48  3 

LOG  ENZYME  CONCENTRATION  UNITS/ml. 


Fig.  1.  Typical  examples  of  the  efifeet  of  enzyme  concentration  and  leiiffth  of  incubatioi 
on  hydrolysis.  The  data  are  summarized  in  Figure  2. 


radioactivity  (di.stillate-t-extract-l-extracted  urine)  wa.s  101%. 

In  the  case  of  (H)  the  length  of  incul)ation  had  no  effect  upon  the  extern 
of  liydrolysi.s,  yet  in  three  cases  (X.H.,  Fig.  2A;  S.B.,  Pdg.  2B;  and  C.K. 
Fig.  2C)  a  higher  enzyme  concentration  improved  hydrolysis.  This  effect 
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is  not  related  to  inactivation  of  the  /i-filucuronidase.  In  the  case  of  (.MA),  a 
proKiessive  increase  in  hydrolysis  with  time  was  seen  only  in  the  case  of 
C.E.  (Eig.  2C).  The  use  of  1,000  units/ ml.  rather  than  800  units,  ml. 
definitely  produced  more  hydrolysis  in  the  case  of  C.K.  and  S.B.  at  48  and 
72  hours  (Fig.  2C).  When  800  units  ml.  of  (MO)  were  employed,  longer 
incubation  times  definitely  improved  hydrolysis  of  urinary  conjugates  in 
most  cases  to  the  extent  that  employment  of  1,000  units/ml.  made  no  fur¬ 
ther  improvement.  This  was  not  true  in  the  case  of  the  biliary  conjugates  of 
C‘^-estradiol  where  the  higher  enzyme  concentration  was  more  effective. 

Reincubation  of  urine  following  the  initial  hjxlrolysis  resulted  in  further 
hytlrolysis,  as  is  shown  in  Figure  8.  As  expected,  the  greatest  additional 
amount  of  hydrolysis  occurred  when  (MO)  was  employed  on  a  sample 


BACTERIAL  MAMMALIAN  MOLLUSCAN 

Fig.  2A.  Hydrolysis  of  (‘on-juuatod  motaliolitcs  of  C''^-ostron(‘  as  a  function  of  time 
and  enzyme  concentration.  The  latter  information  is  fjiven  by  the  number  at  the  top  of 
the  bars.  The  nundiers  in  parmitlu'ses  denote  tlie  number  of  experiments. 

which  had  not  been  exiiosed  to  the  highest  enzyme  concentration;  but  (B)  is 
able  to  hydrolyze  to  a  small  extent  a  sample  upon  which  (MO)  at  1,000 
units  ml.  had  already  acted.  In  the  case  of  the  biles,  reincubation  with  (B) 
and  (MA)  is  useless,  since  only  (.MO)  is  effective.  This  is  distinctly  different 
from  the  urine  where  (MO)  can  not  improve  upon  the  optimum  results  with 
the  other  two  enzymes. 

All  three  enzyme  preparations  are  crude  and  probably  contain  many 
enzymes.  In  addition,  bacterial  growth  is  a  common  observation  if  (B)  is 
used  without  an  antibiotic.  This  rai.ses  the  possibility  that  enzymatic  altera¬ 
tion  occurs  concurrently  with  hydrolysis.  As  a  test  of  this  hypothesis,  trace 
amounts  (ca.  o0,()()0  counts,  min.)  of  radioactive  estrone  (  <10Mg.),  e.stra- 
diol-17i3  (<10Mg.)  and  'estriol  (<2fig.)  containing  less  than  1%  impurity 
were  incubated  for  48  and  1)6  hours  with  90  units  ml.  of  (B)  and  1,000 
units  ml.  of  (MA)  and  (MO).  Both  urine  and  buffers  (10  ml.)  were  used  as 
media.  After  incubation  the  steroids  were  extracted  with  ether  and 
chromatographed  on  paper.  The  results  shown  in  Figure  4  are  semi- 
quantitative,  since  compari.sons  are  based  on  the  height  rather  than  on  the 
area  of  the  peaks  of  the  radioactivity  as  measured  in  an  Actigraph. 

Prolonged  incubation  may  in  itself  produce  chemical  changes,  even  in  a 
buffer  solution.  Such  changes  occur  more  readily  at  pH  6.8  than  at  pll  6.0. 
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Addition  of  tlie  hydrolytic  enzymes  may  produce  more  extensive  changes. 
In  tlie  case  of  estrone,  (B)  was  the  only  preparation  to  produce  extensive 
clianges,  one-third  to  one-half  of  the  estrone  being  converted  in  IHi  hours  to 
a  substance  having  the  same  Ilf  as  estradiol.  All  three  enzymes  produced 
extensive  alterations  in  estradiol  incubated  in  urine,  o0%  B>  of  the 

estradiol  being  (*on verted  to  numerous  compounds.  In  the  case  of  (B)  a 
small  amount  of  material  with  an  lU  equal  to  that  of  estrone  was  formed, 
but  the  bulk  of  the  material  in  all  cases  was  more  polar  than  estradiol, 

80-1 
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Fig.  2B.  Hydrolysis  of  conjugated  nndaholiti's  of  (''^-ostradiol-17|8  as  a  function  of 
time  and  enzyme  concentration.  Tlie  latter  information  is  given  by  the  number  at  the 
toj)  of  the  bars.  The  numbers  in  iianmtheses  denote  the  number  of  epxeriments. 


having  an  Hf  one-half  that  of  estradiol.  In  buffer  solution  different  com¬ 
pounds  were  formed  in  1  yield  which  remained  at  the  origin;  but  in 

benzene:  oo%  atpieous  methanol  .system,  this  material  was  resolved  into 
four  peaks,  having  Hf’s  of  0.0,  0.12,  O.OO  and  0.S7.  Kstriol  in  urine  was  not 
affected  by  the  enzymes  at  all;  in  buffer  less  than  20%  was  converted  to 
more  polar  compounds  in  00  hours. 

To  answer  the  question  concerning  the  influence  of  the  amount  of  steroid 
incubated,  the  estradiol  experiment  was  repeated  using  100  mS-  of  estradiol- 
17/3  in  addition  to  the  tracer.  The  incubation  was  performed  in  buffer  only. 
The  results  in  Table  5  show  that  at  higher  estradiol  concentrations  only  the 
bacterial  preparation  converted  .substantial  amounts  of  estradiol,  the  prin- 
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cipal  product  being  a  compound  with  an  Ht  ecpial  to  that  of  estrone.  Tlie 
material  remaining  at  the  origin  was  shown  by  chroinatograpliy  in  tlie  ben¬ 
zene:  oo%  a(iueous  methanol  system  to  consist  of  at  least  four  compounds 
having  Hf’s  of  0.0,  O.Ot),  0.00  and  O.SO. 

Comparison  of  enzymatic  and  chemical  hydrolysis. — Although  it  is  felt  that 
lu’drolysis  with  strong  acid  and  heat  has  no  place  in  the  investigation  of  the 
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Fig.  2C.  Hydrolysis  of  conjuKuti'cl  inc'tabolitcs  of  C'^-ostriol  as  a  function  of  time  and 
enzyme  concentration.  The  latter  information  is  {fiven  by  tlie  numbm-  at  the  top  of  tlie 
liars.  The  numbers  in  iiarenthe.ses  denote  the  number  of  e.xiieriments. 

metabolism  of  the  estrogens,  the  comparison  was  made  because  acid  hydrol- 
y.sis  is  commoidy  employed.  The  results  shown  in  Table  ti  demonstrate  the 
superiority  of  the  mild  hydroly.sis  method.  The  combination  of  enzymatic 
and  pH  1  hydrolyses  proflu(*ed  '^1%  more  hydrolysis  than  did  refluxing  with 
acid.  It  is  interesting  to  note  that,  although  the  molluscan  preparation  is  a 
rich  source  of  phenolsulfatase,  hydrolysis  at  pH  1  yielded  an  additional 
large  amount  of  radioactivity. 


DISCUSSION 

Although  hydrolysis  of  steroid  conjugates  is  the  first  and  perhaps  the 
most  important  step  in  the  analy.sis  of  urinary  steroids,  it  is  the  one  to 
which  the  least  attention  has  been  given.  This  is  particularly  true  of  estro- 
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Table  5.  Incubation  of  4-C“-estradiol-17^  plus  100  no.  of  estradiol-17^  with 

VARIOUS  /S-GLUCURONIDASE  PREPARATIONS  IN  BUFFER  (10  ML.)  FOR  06  HOURS 


%  of  total  present 


Kf  1 

( )rigin 

0.15 

0.40 

.None:  pU  6.8 

1 

1  97 

1 

None:  pH  5.0 

7 

i  02 

1 

Bacterial 

3 

'  13 

84 

Mammalian 

6 

i  03 

1 

Molluscan 

6 

04 

1 

gen  (“onjugates.  Friedgood  and  CJarst  (11),  Grant  and  Beall  (12),  Engel  (4) 
and  Katzman  et  al.  (5)  have  reviewed  the  literature  on  acid  hydrolysis  of 
estrogen  conjugates.  Due  to  the  lability  of  the  newly  discovered  phenolic 
steroids,  it  has  liecome  increasingly  important  to  develop  milder  methods  of 
hydrolysis. 

Katzman  et  al.  (o)  have  reviewed  the  use  of  /i-glucuronidase  from  ex¬ 
tracts  of  E.  coli  (B)  and  phenolsulfata.se  from  Myla.se  P.  Smith  and 
Blackham  (18)  in  an  extensive  experiment  liave  employed  enzymatic 
hydrolysis  using  (B)  in  combination  with  various  acidic  hydrolytic  proce¬ 
dures.  They  concluded  that  (B)  followed  by  a  short  acid  hydrolysis  (10 
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Fig.  3.  Equal  portions  of  urine  which  had  been  previously  incubated  with  the  stated 
concentration  of  enzj’me  (abscissa)  were  pooled,  divided  into  three  equal  portions  and 
incubated  with  each  of  the  three  preparations  at  a  concentration  of  90  units/ml.  in  the 
case  of  B  and  1,000  units '  ml.  in  the  case  of  M.\  and  MO.  .\11  samples  were  incubateil 
for  90  hours  at  37°  C. 
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Fig.  4.  Effect  of  ^-glucuronidase  on  unconjugated  estrone  and  estradiol  dissolved  in 
urine  or  in  buffer  (  <1  //g./ml.).  Incubation  with  and  without  large  amounts  of  enzyme 
lasted  9(5  hours.  The  technique  of  pajier  ehromatogra))hy  and  scanning  of  the  chromato¬ 
grams  has  been  published  (20).  The  height  of  the  bars  is  projiortional  to  the  amount 
jiresent,  a  full  bar  representing  100%  of  the  radioactivity  on  the  chromatogram. 


minutes  reflu.x  with  15%  HCl)  yiekled  the  highest  and  most  consistent  re¬ 
covery  of  estrogen  from  pregnancy  urine.  Since  pregnancy  urine  has  a  very 
high  concentration  of  estriol,  these  results  may  not  be  applicalile  to  normal 
urine.  Bloch  and  Gibre  (14)  compared  the  efficiency  of  hydrolysis  by  (MO) 
to  a  60  minute  15%  v,  v  cone,  hydrochloric  acid  hydrolysis.  The  former 
yielded  70-100%  greater  estrogen  values.  Optimum  conditions  for  the 
enzymatic  hydrolysis  of  estrogen  conjugates  were  not  determined. 

Studies  of  this  kind  should  ideally  be  made  on  pure  substrates.  The  only 
estrogen  glucosiduronate  isolated  so  far  is  that  of  estriol.  It  has  not  been 
characterized  chemically  and  there  has  been  no  evidence  presented  to  show 
that  it  is  not  a  mixture  of  isomers.  Under  these  circumstances,  the  melange 
of  conjugates  produced  by  the  body  was  used  in  lieu  of  pure  conjugates. 
While  this  leaves  some  questions  unanswered,  it  does  yield  much  informa¬ 
tion  of  a  practical  nature. 

Jarrige  and  Henry  (8)  report  the  pH  optimum  of  the  Helix  pomalia 

Table  6.  Comparison'  of  various  hydrolytic  methods 

For  each  experiment  100  ml.  of  urine  (Pat.  P.)  containing  91570  counts/min.  of  metabo¬ 
lites  of  C‘''-estradiol  was  employed. 

%  hydrolyzed  and  extracted 


Expt. 


Enzyme* 

pH  P 

.\cid  +  A’ 

Total 

1 

05 

20 

0 

91 

2 

00 

19 

17 

90 

8 

84 

28 

02 

4 

84 

24 

58 

5 

0 

♦);> 

5(> 

5(> 

*  Mollu.scan  d-Rlucuronidase,  1000  units/mi.  for  9(5  hours. 

*  Continuous  ether  extraction  for  48  hours  at  pH  0.8. 

®  Refluxing  for  45  minutes  with  5%  (v/v)  conen.  sulfuric  acid. 
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/3-g:Iucuroiiitlase  to  l)e  at  4.o  and  the  phenolsulfatase  optimum  to  he  at  pll 
0.2,  using  tiie  same  .standards  reported  in  this  paper.  We  liave  confirmed 
this  using  phenolphthalein  gluco.siduronate  and  p-nitrophenyl  sulfate  as 
substrate.  Maximal  hydroly.sis  of  urinary  conjugates  of  metal)olites  of 
estradiol  occurred  at  pH  o.o  (Table  3).  Bloch  and  (jlibre  (14)  used  pH  .5.2 
while  Henry  and  Thevenet  (1.5)  used  pH’s  between  4. .5  and  .5.2. 

.Although  mercuric  ion  and,  to  a  le.sser  extent,  cupric  ion  inhibit  enzymat¬ 
ic  activity,  under  ordinary  circumstances  these  metals  do  not  contribute 
appreciably  to  the  inhibition  .seen  in  urines  and  biles.  KDT.A  was  added  to 
three  biles  and  three  urines  from  different  subjects,  but  it  did  not  reverse 
the  inhibition.  Thus,  there  .seems  to  be  no  experimental  evidence  to  support 
the  practice  of  adding  KDT.A  to  biological  fluids  prior  to  enzymatic  hydrol¬ 
y.sis  (!()).  .Vn  organic  mercurial,  which  is  commonly  employed  as  a  diuretic, 
had  no  inhibitory  effect  on  the  enzymes. 

What  then  is  the  basis  of  the  inhibition?  From  the  data  it  is  apparent  that 
the  inhibitor  is  a  heat-stable,  low-molecular  weight  molecule  which  is  not 
readily  extractable  by  ethyl  acetate.  One  type  of  compound  which  pos- 
.sesses  all  these  characteristics  is  a  glucosiduronate.  The  body  is  known  to 
excrete  many  compounds  conjugated  with  glucuronic  acid  which  could 
compete  with  steroid  gluco.siduronates.  Incidence  of  this  is  seen  in  the  en¬ 
zyme  assay  system.  The  finding  of  Stempfel  ct  al.  (17)  that  consumption  of 
aspirin  and  excretion  of  its  metabolites  in  the  urine  decreased  the  hydrol¬ 
ysis  of  urinary  corticosteroids  is  consonant  with  such  a  hypothesis. 

The  addition  of  a  small  amount  of  chloroform  has  been  reported  to  en¬ 
hance  the  activity  of  (B).  While  this  was  confirmed  in  the  enzyme  a.s.say 
system,  chloroform  had  no  effect  upon  the  hydroly.sis  of  the  conjugates  of 
the  metabolites  of  estriol.  On  the  other  hand,  chloroform  was  ineffective  in 
the  case  of  (M.A)  and  (.MO)  in  the  enzyme  a.ssay;  hence,  it  was  not  tested 
further.  Special  care  was  taken  to  maintain  a  small  amount  of  chloroform  in 
the  bottom  of  the  flask  throughout  the  incubation.  One  inexplicable  fact  is 
the  uniform  recovery  of  radioactivity  in  the  pre.sence  of  chloroform. 

The  reason  for  the  lo.ss  of  radioactivity  upon  incubation  in  the  case  of  the 
urines  of  .subjects  receiving  l(i-C'^-estriol  has  not  been  proven  conclusively, 
but  the  .single  experiment  performed  indicates  that  Bing  I)  maybe  opened 
and  at  least  one  carbon  atom  (C-Ki)  removed  from  the  rest  of  the  molecule. 
The  yield  of  .steam-distillable  product  (2%)  does  not  approach  the  total 
lo.ss  of  radioactivity  cu.stomarily  seen  (10-40%),  but  then  the  procedure  is 
not  as  rigorous  as  that  followed  for  radioactivity  a.s.say,  that  is,  evapora¬ 
tion  to  dryness  under  infrared  lamps. 

Figure  2  shows  that  the  unitage  of  (B)  was  one-tenth  of  (.MA)  and  (MD) 
using  phenolphthalein  glucosiduronate  as  .sub.strate.  If  pure  steroid  sub¬ 
strates,  which  would  be  more  suitable,  were  available  for  assay  of  the 
enzyme,  the  relative  effect ivene.ss  of  the  three  preparations  might  be  quite 
different.  .At  any  rate,  the  data  in  Figure  2  show  that  in  most  instances,  flO 
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of  enzymatic  activity  liberated  no  more  radioactivity  than  did 
units.  Thus,  it  seems  valid  to  assume  that  optimal  concentrations  of  (B) 
have  been  attained  and  to  compare  (B)  with  (MA)  and  (MO). 

Initial  experiments,  not  reported  here,  were  conducted  omitting  the 
highest  enzyme  concentration  and  employing  an  incubation  time  of  24 
hours  instead  of  4S  hours.  It  was  immediately  apparent  that  maximum 
hydroly.sis  had  not  been  attained,  even  with  (B),  for  continued  incubation 
produced  .substantial  increases  in  hydrolysis. 

If  one  compares  the  three  enzyme  preparations,  it  is  obvious  that  (MO) 
is  slightly  but  consistently  superior  in  hydrolyzing  estrogen  conjugates  in 
the  case  of  the  urines  and  dramatically  superior  in  the  case  of  the  biles. 
Superiority  is  more  marked  in  the  case  of  urinary  estrone  and  estradiol  con¬ 
jugates  than  in  the  case  of  urinary  estriol  conjugates.  This  is  probably  due 
to  the  fact  that  (B),  which  is  the  poorest  hydrolyzer  of  metabolites  of 
estrone  and  estradiol,  is  nearly  as  etfective  as  (MO)  in  hydrolyzing  metabo¬ 
lites  of  estriol.  losing  different  techni(pies,  .layle  d  al.  (1<S)  have  also  ob¬ 
served  that  the  molluscan  preparation  is  superior  to  the  ba(*terial  source  in 
hydrolyzing  urinary  estrogen  conjugates. 

The  optimal  conditions  for  hydrolysis  at  'M°  O  are  as  follows:  (B),  pll 
(). 5-7.0,  50-90  units  ml.  for  IS  hours;  (.MA),  pH  4. 5-5. 5,  500  units  ml.  for 
9()  hours,  or  slightly  better,  1,000  units/ml.  for  4S  hours;  (.MO),  pH  5.5,  500 
units/ml.  for  90  hours.  The  fact  that  Jayle  d  al.  (IS)  recommend  750  1500 
units  ml.  may  be  attributed  to  the  short  incubation  time  of  24  hours.  The 
disturbing  aspect  of  enzymatic  hydrolysis  is  that  one  can  never  be  sure  that 
these  conditions  are  indeed  the  optimum  conditions  for  the  one  particular 
specimen  under  consideration.  Consecpiently,  in  important  cases,  one 
should  reincubate. 

In  the  ca.se  of  bile,  (MO)  is  the  enzyme  of  choice.  One  can  only  gue.ss  at 
the  reasons  for  its  superiority.  It  is  probably  not  due  to  its  content  of 
phenolsulfata.se,  for  .sulphates,  which  are  also  hydrolyzed  by  continuous 
ether  extraction  at  pH  1,  have  been  shown  by  us  (10)  to  be  a  minor  part  of 
the  hydrolyzable  conjugates  after  administration  of  estrogens.  It  may  be 
due  to  the  pre.sence  of  another  type  of  conjugate  in  bile  for  which  there  is  an 
appropriate  enzyme  in  (MO). 

The  hydrolytic  superiority  of  (MO)  may  be  offset  in  the  case  of  urines  by 
other  factors,  such  as  cost,  availability  and  .side  reactions.  In  their  pre.sent 
.state  of  impurity,  it  is  obvious  that  very  extensive  side  reactions  occur  in 
the  ca.se  of  (B)  and  this  preparation  should  not  be  used  in  any  .sort  of 
metabolic  experiment.  The  other  two  preparations  are  oidy  moderately 
better. 

The  findings  of  the  pre.sent  study  indicate  that  caution  should  be  exer- 
ci.sed  in  the  comparison  of  the  ratios  of  various  urinary  estrogen  metabo¬ 
lites  and  total  urinary  estrogens  in  studies  employing  enzymatic  hydrolysis. 
Since  the  inhibitory  power  of  the  urine  may  vary  from  subject  to  subject  at 
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different  times,  it  appears  that  the  amount  of  estrogen  conjugates  hydro¬ 
lyzed  will  show  considerable  variation.  In  addition,  the  nature  of  the  estro¬ 
gen  metabolites  present  as  conjugates  in  the  urine  may  play  an  important 
role  in  the  extent  of  hydrolysis  achieved. 

One  wonders  how  many  of  the  steroid  metabolites  isolated  recently  after 
prolonged  incubation  with  high  concentrations  of  enzyme  may  be  artifacts. 
There  are  .several  solutions  to  this  problem.  The  short  range  one  is  purifica¬ 
tion  of  the  enzymes.  This  will  obviate  the  side  reactions,  but  nothing  can 
eliminate  competitive  inhibition  except  i.solation  of  the  steroid  conjugates 
themselves.  A  third  solution  would  be  the  development  of  mild  chemical 
methods  of  hydroly.sis,  but  adequate  methods  for  the  solvolysis  of  conju¬ 
gates  are  lacking  except  in  the  case  of  sulfates  (b).  Although  Burst ein  c/  aJ. 
(19)  have  shown  that  perchloric  acid  in  organic  media  cleaves  androsterone 
glucosiduronate,  neither  its  applicability  to  other  .steroid  glucosiduronates 
nor  the  extent  of  po.ssible  .side  reactions  have  been  reported.  Thus,  it  ap¬ 
pears  that  one  solution  to  the  hydroly.sis  problem  may  be  to  eliminate  it 
and  to  i.solate  and  characterize  the  conjugates  directly. 
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PROTEOLYSIS  IN  PHOSPHATE-PURIFIED 

THYROGLOBULIN‘ 2 
AU(JUSTO  1).  LITON.ILLU 

Ik  pnrtment  of  Medicine,  Ilorvnrd  Medical  School,  and  the  Thyroid  Laboratory  of  the 
Medical  Services  of  the  M assachusetts  General  Hospital,  Boston,  Massachnsetts 

ABSTRACT 

Pliospliato-purificd  tliyronlobuliu  retained  a  small  but  eonsistent  i)roteolytie 
activity  when  incubated  at  37°  C'  by  itself  or  with  hemoglobin.  The  i)roteolysis 
was  maximal  in  the  ran^e  of  jjH  3-4  and  was  readily  abolished  b\’  heat.  Di¬ 
valent  metals,  cysteine,  and  TSII  failed  to  affect  the  hydrolysis.  The  proteolytic 
comj)onent  was  separable  from  thj’roglobulin.  Purification  produced  a  grc'ater 
yield  of  the  proteinase  activity  against  hemoglobin,  but  not  against  thyro- 
globulin.  The  results  suggest  an  enzyme-substrate  linkage  necessary  for  i)ro- 
teinase  action  which  is  irreversibly  rui)tured  during  the  separation  of  the 
enzyme  from  thyroglobulin.  Because  of  the  demonstration  of  large  peptide 
fragments  when  thyroglobulin  is  incubated  at  37°  C,  it  is  also  suggested  that  the 
primary  action  of  proteinase  is  to  hydrolyze  tlij-roglobulin  into  smaller  mole¬ 
cules  which  are  subsequently  acted  on  by  the  thyroid  peptidases  to  eventually 
liberate  thj  roid  hormones. 

PROTEOIA’TIC  activity  has  fie(|uently  lieen  observed  in  preparations 
from  the  thyroid  glands.  DeHohertis  first  demonstrated  a  definite 
proteolytic  activity  in  the  colloid  extracted  by  microdissection  from  a 
single  follicle  of  rat  thyroid  (1)  and  this  was  later  confirmed  by  Dziemian 
(2)  for  the  whole  gland.  Later,  different  thyroid  extracts  were  shown  to 
exhibit  hydrolytic  activity  at  aci<  IpH  against  hemoglo))in  (8,  4),  but  when 
thyroglobulin  was  used  as  the  substrate  for  a  proteinase  present  in  crude 
.saline  extract  of  beef  thyroid  ti.ssue,  no  hydrolysis  was  noted  (4).  A  pro¬ 
teinase,  partially  purified  from  hog  thyroids  by  .succe.s.sive  acetone  frac¬ 
tionations,  hydrolyzed  thyroglobulin  by  about  40%,  but  only  after  a  pro¬ 
longed  period  of  incubation  (5). 

Thyroglobulin  which  has  been  purified  by  phosphate  fractionation 
relea.ses  trichloroacetic  acid  soluble  substances  on  incubation  at  pIDf.oat 
C.  These  breakdown  products  are  measured  by  the  Folin-Ciocalteau 
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reaction.  Tliis  is  observed  even  if  tlie  tIiyroglol)ulin  solution  has  been  incu¬ 
bated  for  as  short  a  period  as  dO  minutes.  It  seemed  wortlnvhile,  tlierefore, 
to  cliaracterize  this  hydrolysis  and  to  determine  wliether  tlie  proteolytic 
component  can  be  .separated  from  thyroslobulin  and  to  investigate  the  role 
of  this  protease  in  the  deijradation  of  thyiofslobulin. 

.MATKKIALS  AM)  .METHODS 

Thyroglobuliii  was  ])r(‘i)ar(‘(l  from  a  saline  extraet  of  fresh  beef  thyroid  glands  bj*  the 
method  of  Derrien  et  al.  (H).  The  purified  thyroglobuliii  was  ston'd  in  the  lyophilized 
state.  Dried  thyroglobuliii  (20  mg.  per  ml.)  was  prepared  in  the  following  buffers: 
(1)  0.1  M  hydroehlorie  aeid-potassium  ehloride,  for  pH  2.0,  2. .5,  and  d.O;  (2)  0.1  M  aeetie 
aeid-sodium  acetate,  for  jiH  3. .5.  4.0,  4.5,  and  5.0;  (3)  0.1  M  acid  sodium  maleate-sodium 
hydroxide,  for  pH  0.0;  and  (4)  0.1  M  monobasie-dibasie  sodium  phosphate,  for  pH  7.5. 
Final  jiH  was  checked  with  the  Beckman  jiH  meter  and  ailjustment  was  made  by  careful 
dropwise  addition  of  2X  acetic  acid  or  IX  XaOH  .solution.  The  dried  thyroglobuliii  was 
found  completely  soluble  in  all  the  buffer  solutions  used,  iiresumably  indieating  non- 
ilenaturation  of  protein  by  the  freeze-drying  technique.  Preliminary  ('xiieriments  showed 
no  difference  in  the  amount  of  hydrolysis  with  tlu'se  buffers  when  compared  to  experi¬ 
ments  in  whicli  the  pH  was  adjusted  with  either  0.5  X'  acetic  acid  or  1  X  sodium  hydrox¬ 
ide  alone. 

In  studies  of  metal  effects  thyroglobuliii  solution  was  dialyzed  overnight  against 
Versene  (dLsodium  ethylenediamine  tetraacetat*',  10~^  .M),  then  against  distilled  water 
for  several  hours  to  remove  Versene,  and  finally  against  0.1  M  acetate  buffer  at  pH  3.5. 
The  metals  were  added  as  chloride  or  sulfate  salts  to  a  final  concentration  of  10“^  molar. 
The  effect  of  cysteine  hydrochloride  was  studied  at  a  final  concentration  of  0X10“^  M. 
This  low  concentration  was  chosen  because  cysteine  reacts  with  the  Folin-Ciocalteau 
reagent  used  in  determination  of  proteolysis,  and  would  otherwise  cause  a  high  value  for 
the  control  samiiles.  The  systems  utilizing  cysteine  were  further  diluted  with  buffer. 

1  :4.  before  treatment  with  the  reagent.  The  effect  of  T8H  was  .studied  using  one  U.S.P. 
unit^  (1  mg.)  pc'r  5  ml.  of  thyroglolmlin  solution.  Incubations  weri'  jierformed  in  the 
Dubnoff  shakc'r  at  37°  drop  of  tolueiii'  was  adih'd  as  jireservative  to  each  flask. 

Blank  solutions  contained  the  metals,  cysteine,  or  TSH  in  buffer  solutions.  When  the 
experiment  called  for  assay  of  hydrolysis  at  set  intervals,  alicpiots  of  1  ml.  were 
liipetted  from  tlu'  reaction  flasks  and  immediately  treatt'd  with  TC'.V,  filtered,  ami  tlu* 
filtrate  stored  in  the  cold  for  later  measurements,  'i'lu'  jiroportion  of  reagents  for  tlu' 
.Vnson  nu'thod  of  determining  the  extent  of  hydrolysis  (7)  was  modifit'd  by  using  ^  of 
the  voluiiH'  of  TC'.V,  soilium  hydroxiile,  and  plu'iiol  reagents.  .Vll  sainjiles  were  read  at 
<)()()  in/i.  and  plotted  on  a  curvt'  derived  from  standard  tyrosine  solution. 

I'®'-labeled  thyroglobuliii  was  prejiared  by  incubating  slices  of  fresh  beef  thyroid 
glanils  in  Krebs  Kinger  jihosiihati'  buffer  (1  ml.  buffer  for  every  100  mg.  of  thyroid 
tissue).  Five  hundred  fxe.  Xal'®'  were  added  for  every  50  mg.  of  thyroid  slices  before 
incubation  at  37°  C  for  4  hours.  A  parallel  jireparation  contained  added  TSH,  1  I'.S.P. 
unit  (  1  mg.)  |)er  50  mg.  thyroid  tissm*.  \  saline  extract  was  pri'pared  and  labeled  thyro- 
globulin  separated  by  phosphate  fractionation,  .\fter  dialysis  against  i)H  3.5  acetate 
buffer,  1'^*  incorjioration  was  determiiu'd  by  counting  an  aliquot  of  the  two  samples  in 
a  well  .scintillation  gamma  ray  detector.  The  T.'sH-treated  thyroglobuliii  had  more  counts 
per  minute  per  milligram  of  jirotein  than  the  non-TSH-treated  solution  (ratio  1.28:1). 
Radioactivity  in  the  two  samples  was  brought  to  equality  by  dilution  of  the  TSH- 

*  Thyrotropar,  .\rmour  Pharmaceutical  C'ompany. 
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treated  thyroKlobulin  with  acetate  buffer.  Sterile  flasks  and  pipettes  were  used.  Peiiieilliii, 
2r),0(K)  units,  and  streptomycin,  0.0025  f^in.,  were  added  to  each  flask  before  ineubation. 
.Vt  zero  time  and  22  hours  of  incubation  0.1  ml.  of  the  .samples  were  apjdied  to  Whatman 
Xo.  1  filt*'r  pai)er  strips.  l)uplicat(‘s  wen'  developc'd  in  the  butanol-acetic  acid  and  the 
butanol-ethanol-ammonia  systems  (one-dimensional,  tlescendinK).  ('arrier  amino  acids 
were  localized  by  coupliu};  with  diazotized  sulfanilic  acid  in  5%  sodium  carbonate,  and 
I~  was  identified  by  spraying  with  5%  palladium  chloride  in  water.  The  chromatograms 
were  subsecpiently  cut  up  in  0.5  cm.  strips  for  determination  of  I”*  distribution.  Xo 
bacteria  were  found  in  culture  or  gram  stains  of  the  22  hour  hydrolysates. 

I’rotein  determinations  were  done  according  t(t  the  method  of  Lowry  et  nl.  (S). 

Purification  of  the  proteolyth-  substance  from  thyroglobulin  was  attempted  by  five 
procedures: 

(1)  Continuous-flow  paper  electrophoresis  was  used  to  fractionate  thyroglobulin  in 
the  Beckman/ Spinco  Model  CP  cell  over  a  period  of  4S  hours  at  a  sami)le  feed  rate  of 
5  ml.  per  hour  with  an  applied  voltage  of  700  volts.  The  buffer  used  was  0.02  M  barbital 
buffer,  pH  H.O.  Methods  of  operation  and  precautions  were  followed  as  outlined  in  the 
accompanying  instruction  manual  of  the  electroi)horesis  ai)paratus. 

(2)  Starch  column  electrophort'sis  was  accomi)lished  according  to  the  method  of 
Flodin  and  Porath  (0),  modifii'd  b\- using  0.2  M  K2HP()4-KH2P()t  buffer,  pH  S.O,  instead 
of  Yeronal  buffer.  Duration  of  electrophoresis  was  10  hours  and  duration  of  elution  was 
48  hours.  The  1  ml.  fractions  were  diluted  1  ;10  with  distilled  water  for  speetrophoto- 
metric  e.xamination. 

(3)  DE.\ E-cellulose  column  fractionation  was  utilized  for  a  third  samph*  of  thyro¬ 
globulin.  The  method  of  Peterson  and  Sober  (10)  was  modified  by  using  a  gradi('nt  of 
0.01  M-0.2  M  K2HP()4-KH2P04  buffer,  pH  8.0,  as  the  eluting  fluid.  Ten  ml.  fractions 
were  collected.  In  the  three  preceding  methods,  250  mg.  of  dried  thyroglobulin  was  used 
as  starting  material.  The  effluent  fractions  were  routinely  examined  in  a  Beckman  1)1* 
spectrophotometer  at.280  m/ji  and  distribution  curves  made  out.  Fractions  were  groui)ed 
according  to  peak  distribution  and  concentrated  by  lyophilization  prior  to  as.say  of 
])  roteoly t  ic  ac  t  i v  it  y . 

(4)  Fractions  corresi)onding  to  Extract  I  and  Extract  II  in  the  acetone  i)urification 
method  for  protease  by  Laver  and  Trikojus  (11)  were  prepared  from  a  2%  thyroglobulin 
solution. 

(5)  Sodium  chloride  fractionation  was  done  as  follows:  2  M  Xat'l  was  added  to  2% 
thyroglobulin  solution  and  the  i)H  slowly  adjusted  to  3.5  with  2  X  HC’l.  The  supernatant 
was  utilize*!  for  assay  of  proteolytic  activity. 

(fi)  Phosi)hate  fractionation  was  accomplished  with  several  concentrations  of  3.5  M 
K2HP()4-KH2P04,  pH  8.H.  Th*'  individual  sui)ernatant  fluids  were  assayed  for  proteolytic 
activity. 

KESUL'IS 

All  preparation:^  of  purified  thyroglobulin  had  a  small  but  eonsistent 
proteolytic  activity  (Table  1).  This  was  expre.s.sed  in  arbitrary  units, “  deter¬ 
mined  by  assaying  against  itself,  or  using  hemoglobin  as  substrate.  Hemo¬ 
globin  was  digested  to  a  greater  extent  by  the  enzyme  present  in  the  thyro¬ 
globulin  preparation  than  was  thyroglobulin  it.self. 

The  “auto”  breakdown  of  thyroglobulin  proceeded  with  time  and  at- 


®  One  unit  is  the  amount  of  enzyme  needed  to  liberate  10  *  me*i.  of  tyrosine  in  30 
minutes  at  37°  C,  pH  3.5. 
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T.\bi.e  1.  Proteolytic  activity  of  phosphate  purified  beef  thyroglobulin' 

It-ili.ll  Vo 

Unit 

s  of  proteolytic  activity* 

i.iiieii  .NO. 

“.\uto”  hydrolysis 

Hei 

moglobin  as  substrate 

1 

0.15 

•2 

0.14 

.3 

O.lfi 

4 

O.lfi 

h 

0.21 

(i 

0.33 

3.49 

7 

0.21 

3.04 

8 

0.10 

'.I 

0.22 

3.29 

10 

0.00 

1  .00 

11 

0.08 

1  ..50 

1-2 

0.00 

13 

0.17 

2.73 

.\verage 

0.10 

3.01 

*  One  unit  is  defined  as  the  amount  of  enzyme 

‘  needed  to  liberate  It)  *  millieipiivalents  of 

tyrosine  in  30  minutes  at  37°  C,  i)H  3.5. 

tained  a  maximum  at  about  18  hours  of  incubation  (Fig.  1).  Preheating  the 
thyroglobulin  solution  for  varying  periods  of  time  at  or  above  75°  C  before 
incubation  inhibited  this  proteoly.sis  completely.  Preheating  to  50°  C  for  5 
minutes  reduced  to  one-half  the  degree  of  breakdown.  The  extreme  lability 
of  the  enzyme  at  temperatures  above  50°  C  was  seen  from  this  experiment 
since  no  proteolysis  of  the  preheated  samples  was  detected  even  after  24 
hours  of  incubation  at  :17°  C. 

The  effect  of  pH  on  the  rate  of  proteoly.sis  is  demonstrated  in  Figure  2. 
The  enzymic  substance  clo.siely  linked  with  the  thyroglobulin  acted  opti- 
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Fig.  1.  Hydrolysis  of  phosphate  purified  beef  thyroglobulin. 
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Table  2.  Effect  of  variocs  agents  ox  thyroglobclin  hydrolysis 


Mcq. 

tyrosine  liberated  (X10“^ 

) 

Period  of  incubation 

30  mins. 

2  hours 

19  hours 

24  hours 

Undialyzed  thyroglobulin 
(5  cc.,  2%  solution) 
a.  +TSH,  0.02  units/ml. 

4.4 

7 .() 

15.0 

29.0 

4.3 

7 .0 

15.5 

29.0 

b.  -f-  cysteine,  0.12  units/ml. 

4.5 

i  .o 

15.0 

29.0 

Versene-dialyzed  thj-roglobulin 
(5  cc.,  2%  solution) 

3.9 

7.4 

15.0 

29.0 

a.  +Co^+,  0.02  /uM./ml. 

4.0 

7.4 

15.5 

29.2 

b.  -j-Zn^^,  0.02  /iM./ml. 

4.2 

i  .O 

15.0 

29 . 7 

c.  +Mg^'^,  0.02  /iM./inl. 

4.3 

7.0 

15.5 

29.5 

d.  -j-Cu^’*',  0.02  /iM./tiib 

4.3 

7.3 

15.4 

29 . 7 

e.  0.02  /iM./ml. 

4.4 

i  .O 

15.8 

29.5 

f.  +Ca++,  0.02  /iM./ml. 

4.2 

7.0 

14.9 

29.0 

g.  +Hg'''''',  0.02  /iM./ml. 

4.2 

7.5 

15.0 

29.7 

mally  witliin  tlie  pH  ranj^e  of  8.0-4.(),  above  whicli  there  was  a  decline  in 
activity.  A  similarity  is  noted  with  the  results  obtained  by  McQuillan  ct  al. 
(o),  who  found  activity  in  the  pH  range  2-4  using  a  purified  protease 
against  hemoglobin  and  thyroglobulin.  Similarly,  the  “autohydrolysis” 
noted  by  Alpers  et  al.  (12)  was  observed  within  the  range  of  pH  2.5  to  5.5. 

.\dded  metal  produced  no  inhibition  or  activation  of  the  proteolytic  sub¬ 
stance.  Indeed,  it  seems  that  no  metals  were  needed  in  this  proteolysis, 
since  there  was  no  demonstrable  change  in  the  proteolysis  of  thyroglobulin 
previously  exposed  to  a  metal  chelating  agent  (Table  2).  TSH  and  cysteine 
had  no  effect. 

.Monoiodotyrosine  is  released  in  greatest  amount  by  this  protease  (Fig.  3 


B  30  Minutes  Incubation 
^  2  Hours  Incubation 
I  I  24  Hours  Incubation 


3  35  4  45  5  66  75 

pH 


Fig.  2,  Effect  of  pH  on  the  hydrolysis  of  phosphate  purified  beef  thyroglobulin. 
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and  4  and  Table  8).  Again,  TSH  did  not  stimulate  the  formation  of  these 
iodinated  compounds  by  the  proteolytic  substance.  A  material  near  the 
origin  was  seen  in  the  22  hour  incubated  samples.  This  might  have  repre¬ 
sented  partially  degraded  polypeptides.  Hydrolysis  of  this  labeled  thyro- 
globulin  by  pancreatic  enzymes  yielded  an  MIT  DIT  ratio  of  0.04  at  the 
end  of  24  hours’  incubation. 

Table  4  summarizes  the  different  procedures  employed  in  trying  to 
separate  the  proteolytic  substance  from  the  thyroglobulin.  While  some  of 
the  procedures  resulted  in  a  fraction  which  had  an  increased  proteoly tic- 
capacity  towards  hemoglobin,  none  of  these  hydrolyzed  thyroglobulin. 
This  was  tested  on  the  original  phosphate  purified  material,  as  well  as  on 
the  thyroglobulin  recovered  from  the  various  fractionation  procedures. 


Table  3.  Hydrolysis  ok  imioskiiate  kikihed  beek  thyroolobi  lin 

LABELED  WITH 


Hutanol-Kthanol-.Xmmonia  System 

Kxperiment  I 

Kxperiment  II 

Xo  TSH 
% 

TSH 

% 

Xo  TSH 
% 

TSH 

% 

0  22 

time  hrs. 

0  22 
time  hrs. 

0  22 

time  hrs. 

0  22 

time  hrs. 

<  )riKin 

02.4 

81.0  07.4 

83.0  08.0 

80.5  08.0 

DIT* 

0.3  2.8 

1.1  1.8 

1.5  2.1 

1.3  1.0 

.MIT 

2.0  0.5 

3.3  7.0 

4.1  8.4 

2.1  5.4 

I- 

10.4  15.0 

8.3  15.3 

5.1  14.4 

5.0  15.1 

T4 

2 . 0  5 . 7 

1.3  3.1 

2.5  3.0 

1.3  5.0 

T., 

2.1  1.2 

1.1  1.5 

1.5  1.5 

0.4  1.2 

“X” 

1.8  2.5 

3.0  2.0 

1.0  0.0 

2.0  2 .  ,5 

%  breakdown  of 

thyronlobulint 

(21.3) 

(17.3) 

(17.8) 

(20.3) 

Hutanol-.\oetie 

.\eid  System 

Kxperiinent  I 

Experiment  II 

Xo  TSH 

TSH 

Xo  TSH 

TSH 

% 

% 

% 

% 

0  22 

0  22 

0  22 

0  2 

time  hrs. 

time  hrs. 

time  hrs. 

time  hrs. 

Origin 

70.0  50.5 

84.8  72.4 

74.5  58 . 0 

84.4  08.2 

I- 

13.7  17.4 

7.0  4.8 

13.7  1 0 .  .5 

0.1  13.1 

MIT 

3.8  0.0 

1.5  10.0 

3.7  12.2 

1.0  8.7 

DIT 

1.0  2.0 

1.0  2.5 

0.2  2.1 

0.0  2.0 

T4  +T, 

“X” 

4.0  8.5 

2.0  7.4 

0.5  5.2 

2.7  5.4 

2.1  5.2 

1.8  1.0 

1.1  4.8 

1.3  2.3 

%  breakdown  of 

thyroglobulin 

(20.0) 

(14.0) 

(20.8) 

(10.2) 

*  DIT,  diiodotyrosino;  MIT,  moiioiodotyrosine;  T4,  thyroxine;  T,i,  triiodothyronine: 
“X,”  unidentified. 

t  %  hreakdown  of  thyroRlohulin  was  ealeulated  hy  the  followiiifj  e(|uation: 

%  Driniiio  Driijin-.;  hr.. 


%  Oriftiiio  til 
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TaBLK  4.  SETARATinN  OF  THE  PROTEOLYTIC  SUBSTANCE  FROM  PHOSPHATE 
PURIFIED  BEEF  THYROCLOBULIN 


Procedure 

Results 

(1) 

Continuous  flow  paper  elect rojihoresis 

.  5  peaks.  Only  one  had  demonstrable  proteo¬ 

lytic  activity  =  1 .:{? —2.0")  units*/mg.  pro¬ 
tein.  No  increase  over  original  activitv. 

(2) 

Starch  column  electrouhoresis. 

lieaks.  No  proteolvtic  activitv. 

Cb 

1  )E.\E-Cellulose  column. 

5  jieaks.  No  proteolytic  activity. 

(4) 

.Acetone  fractionation 

(a)  Extract  I 

Suiiernatant  =  111). 117  units/mg.  protein.  Rejire- 
sents  a  10-fold  increase  over  original  activity. 

(b)  Extract  11 

Supernatant  =2H.78  — units/mg.  jirotein. 
Represents  8-10-fold  increase  over  original 
activitv. 

(5) 

Sodium  chloride  fractionation. 

Supernatant  =0.02  units/mg.  ])rotein.  Rejire- 
sents  2-fohl  increasi'  over  original  activitv. 

(li) 

Pho.s])hate  fractionation 

2.03  M  suiiernatant  had  greatest  activity 
=  10.14-21.22  units/mg.  protein,  a  3-0-fold 

increase  over  original  .aetivity. 

*  All  assays  doiip  on  2%  honioglobiii,  jill  :}.5,  :17°  ('.  One  unit  =ainoimt  of  enzymes  needed 
to  liberate  10“^  ineii.  tyrosine  in  :i0  minutes. 


DISCUSSION' 

Thyroglohiilin,  prepared  hy  fractionation  with  pho.spliate,  exhibited  a 
small  but  regular  proteolytic  activity  against  itself  and  hemoglobin.  This 
hydrolysis  had  a  pH  optimum  of  .‘b0-4.()  and  was  similar  to  that  observed 
for  a  protease'  separated  from  thyroglobulin  by  methods  which  preferen¬ 
tially  denature  the  latter  (11,  IR).  This  ob.servation  and  the  diminution  or 
loss  of  the  proteolytic  activity  when  thyroglobulin  was  initially  heated  be¬ 
fore  the  assay  of  hydrolysis  supported  the  assumption  that  the  observed 
breakdown  of  the  phosphate  prepared  thyroglobulin  at  .R7°  C  is  not  an  arte¬ 
fact  resulting  from  a  dissociation  of  pre-existing  loo.sely  bound  amino  acids 
but  is  rather  the  effect  of  enzyme(s)  closely  linked  to  thyroglobulin.  Under 
the.se  conditions  the  enzyme  component (s)  did  not  reipiire  any  metals  as 
cofactor  for  activity,  since  the  exposure  to  a  chelating  agent  did  not  affect 
the  degree  of  hydroly.sis,  nor  did  the  addition  of  a  variety  of  metals  produce 
any  observable  effects.  In  addition,  intact  sulfhydryl  groups  were  not 
needed  for  the  activity  as  seen  by  the  lack  of  inhibition  of  the  activity  by 
heavy  metals.  Cysteine  did  not  increase  the  ob.served  hydrolysis. 

In  vitro  experiments  with  TSH  fail  to  demonstrate  an  augmentation  of 
the  proteolytic  activity  that  can  be  extracted  from  thyroid  glands  (11,  IR). 
However,  if  the  TSH  is  administered  in  vivo,  the  proteolytic  content  of  the 
thyroid  gland  is  increased  when  edestin  (2)  and  hemoglobin  (14)  are  u.sed  as 
.substrates.  No  adeipiate  explanation  can  be  offered  to  explain  the  differ¬ 
ences  between  the  in  vivo  and  the  in  vitro  experiments,  although  it  has  also 
been  shown  that  aspects  in  thyroid  function  which  are  known  to  be  stimu¬ 
lated  by  TSH  in  vivo  are  failed  to  be  augmented  by  TSH  in  in  vitro  experi¬ 
ments,  such  as  PBI'-*'  formation  (lo). 

It  is  interesting  to  note  that  while  diiodotyrosine  is  the  major  component 
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of  tlie  iiydrolytic  products  of  thyroglohulin  with  added  protease  (5),  mono- 
iodotyrosine,  on  the  other  hand,  was  released  as  the  major  product  of 
thyroglol)ulin  liydrolysis  in  this  study.  The  MIT  DIT  ratio  of  0.G4  rules 
out  the  possibility  that  MIT  is  the  only  iodinated  tyrosine  formed  during 
the  I'^'  incorporation.  Deiodination  of  the  formed  products  could  not  ex¬ 
plain  the  relatively  high  yield  of  MIT,  since  it  is  known  that  the  iodotyro- 
sines  are  stable  with  the  methods  of  enzymic  hydrolysis  and  chromatog¬ 
raphy  employed  (Ki).  It  seems  more  tenable  to  attribute  the  difference  in 
hydrolytic  products  in  these  two  experiments  to  the  assumption  that  the 
proteinase  was  altered  during  its  separation  from  thyroglobulin.  This 
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I'lG.  3.  Hydrolysis  of  |)hos|)hat(‘  purified  f)(>cf  thyrofjlohulin  lalM*l(‘(l  witli  I'”. 

Butanol-etlianol-aniinoiiia  system. 

assumes  that  the  purified  protease  of  the  group  of  Mct^uillan  is  the  same  as 
that  retained  in  the  preparation  of  thyroglobulin.  .Vn  alternate  explanation 
would  be  that  since  a  great  part  of  the  proteinase  had  already  been  removed 
in  the  preparation  of  thyroglobulin,  the  relatively  mild  proteolysis  reported 
here  would  be  similar  to  the  early  conditions  of  thyroglobulin  breakdown 
by  pancreatic  enzymes  in  which  MIT  predominates  over  DIT  (lb). 

It  is  seen  from  F'igures  8  and  f  that  radioactivity  is  seen  in  the  spots 
corresponding  to  T4  and  T*.  These  may  represent  a  smearing  from  the 
iodide  spot  (Fig.  3),  or  some  front-running  materials  (Fig.  I),  since  auto¬ 
radiography  failed  to  pick  up  these  spots  (Fig.  o). 

The  proteolytic  enzyme  can  be  .“Separated  from  thyroglobulin  by  several 
procedures.  However,  when  separated,  it  is  ineffective  in  breaking  down 
thyroglobulin  during  a  G-hour  incubation  period,  whereas  thyroglobulin 
degradation  could  be  demonstrated  during  this  same  time  period  prior  to 
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Fig.  4.  Hy(lrol3'si«  of  phospliate  purified  beef  thyroglobulin  labeled  with  I' 
Rutanol-aeetie  aeid  system. 


22  HOUR 
HYDROLYSIS 
OF  BOVINE 
THYROGLOBULIN 


P’iG.  5.  This  autoradiograph  was  pre¬ 
pared  bj'  loading  the  strip  with  the  22  hour 
hj-droU'sate  (see  text)  to  eonipensate  for 
the  small  amounts  of  hydroh  tie  j)roduets 
formed.  The  unknown  spots  ma.v  represent 
])artiall3-  degraded  material.  It  is  seen  that 
the  DIT  spot  is  split.  When  this  is  eluted 
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separation  of  tlie  protease.  It  is  possible  that  some  hydrolysis  could  occur  if 
the  period  of  study  was  prolonged  to  24  hours  as  in  the  experiments  of 
McQuillan  ct  al.  (o).  Two  hypotheses  are  offered  in  an  explanation  for  this 
perplexing  problem.  First,  .since  the  enzyme  is  readily  demonstrable  in  the 
thyroglobulin  preparations,  a  thyroglobulin-enzyme  linkage  may  be  nec¬ 
essary  for  proteolysis.  The  rupture  of  this  unknown  linkage  might  render 
the  enzyme  ineffective  in  carrying  out  its  action.  Secondly,  because  of  the 
persistent  demonstration  of  large  thyroglobulin  fragments  in  this  study  and 
in  the  experime?its  of  M(*Quillan  ct  al.,  it  may  be  postulated  that  the  pri¬ 
mary  action  of  the  proteinase  is  to  break  down  thyroglobulin  to  smaller 
polypepti<le  chains.  The  .subsetjuent  fate  of  the.se  polypeptides  and  the  ulti¬ 
mate  formation  of  the  thyroid  hormones  might  depend  on  the  action  of 
thyroid  peptidases.  At  least  two  thyroid  peptidases  of  the  carboxypeptidase 
type,  active  at  pH  3.o,  and  a  peptidase  hydrolyzing  L-cysteinyl-L-tyrosine- 
L-isoleucine  at  pH  7.4,  have  been  demonstrated  in  the  thyroid  gland  (17). 
If  these  peptidases  were  lost  in  the  purification  of  proteinase,  this  could  ex¬ 
plain  why  no  proteolysis  is  observed  with  the  Folin-Ciocalteau  reagent, 
since  the  polypeptides  resulting  from  proteina.se  action  may  have  been 
precipitated  with  TCA. 

The  elucidation  of  the  complex  problem  of  thyroglobulin  breakdown  by 
thyroidal  enzymes  must  await  further  purification  of  each  of  these  en¬ 
zymes. 
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STUDIES  ON  THE  EFFECT  OF  THYROXINE  ADMINIS- 
STRATION  ON  (’ATALASE  ACTIVITY 

CJENE  CJIKKIN  and  RALPH  F.  KAMPSCHMIDT 

Biomedical  Division,  The  Samuel  Roberts  Xoble  Foundation,  Inc,, 

Ardmore,  Oklahoma 

ABSTRACT 

Liver,  kidney  and  l)l(Jod  catalase  activity  was  determined  on  normal  rats 
and  rats  reeeivins  injections  of  thyroxine.  Thyroxine  administration  prodmaal 
a  deereasi'  in  liver  and  kitlney  catalase  activity,  hnt  no  ehanse  was  detected  in 
blood  eatalas(‘  activity.  .Addition  of  thyroxine  or  .‘Loj-T-triiodo-i.-tlivronine  to 
liver  homogenates  did  not  alter  the  enzyme  activity.  Wlu'H  liver  homogenates 
from  normal  and  thyroxine-treated  rats  were  mixed,  the  catalase  activity  of 
the  mixed  homofsenate  was  (‘(pial  to  the  activities  of  the  separate  fractions. 
.Measnrennmt  of  the  incorporation  of  Fe'’'*  into  liver  catalase  rc'veahal  a 
marked  iidiibition  of  radioiron  utilization  in  thyroxine-tnaiti'd  animals.  From 
these  data  it  was  conclnded  that  the  decreased  catalase  activity  in  the  livers  of 
thyroxine-treated  rats  was  the  n'sult  of  an  inhibition  of  enzyme  formation. 

STUDH'jS  (‘bnducted  by  Zeckwer  el  td.  (1)  demonstrated  an  increase  in 
liver  catalase  activity  following  either  surgical  thyroidectomy  or 
thiouracil  administration.  The  observed  increase  in  liver  catalase  activity 
ill  thyroidectomized  animals  may  be  the  restdt  of:  (a)  an  actual  increase  in 
concentration  of  the  enzyme  or  (b)  a  change  in  the  concentration  of  inhibi- 
tor(s)  or  activator(s)  of  catalase  activity.  Both  of  these  possibilities  have 
been  investigated  in  the  pre.sent  study.  .\lso,  .since  no  information  is  avail¬ 
able  concerning  the  effect  of  thyroid  secretion  on  catalase  activity  in  tissues 
other  than  liver,  the  effect  of  thyroxine  administration  on  kidney  and  blood 
catala.se  activity  has  been  investigated. 

METHODS 

i'hc  rats  list'd  in  thcsv  I'xpcrinu'uts  wen*  femah's  nf  the  Holtzman  strain  wciuhiii}' 
from  170-200  gm.  Water  and  laboratory  chow  were  supidied  ad  libitum. 

T h yroxine  .  I  d ministration 

Sodium  L-thyroxine  hexahydrati''  (0.5  m^.)  in  a  mild  alkaline  solution  was  ad¬ 
ministered  subcutaneously  through  the  loose  skin  of  the  back.  The  injections  wen'  given 
daily  for  six  con.secutive  days  prior  to  sacrifice'.  One  group  of  animals  receivi'd  daily  in¬ 
jections  of  tlu'  vehicle.  No  evidenci'  of  toxicity  such  as  loss  of  ajiiM'tite  or  hotly  weight 
was  obst'rvt'd  with  tlu'  dost'  of  thyrtixint'  t'lnplttyt'd.  Tissues  wt'rt'  htunogt'iuzeil  with  tlis- 
tillt'd  water  in  a  Bttttt'r-Flvehjt'in  httmogenizi'r  to  givt'  a  ctmct'ntratitm  t)f  tt»  5  mg.  tlry 
tissue  jier  cc.  Catalast'  aetivity  wiis  ih'tt'rmini'd  .'iccording  to  the  mt'thtxl  of  Bonnichst'ii 

Rt'ct'ivt'tl  .May  .‘L  MHIO. 

'  Obtaint'd  from  .Mann  Ht'st'arch  Labttnittiries,  Xt'w  York  b.  Xt'W  Vtuk. 

.s:t9 


840 


GIRKIX  AND  KAMPSCHMIDT 


Volume  67 


et  al.  (2).  R<‘action  times  of  10,  20  and  30  seconds  were  used.  Enzyme  activity  was  ex¬ 
pressed  in  catalase  units  (3). 

Ee"®  Incorporation 

Animals  of  the  same  age  and  weight  were  separated  into  two  groups.  One  group 
received  0.5  mg.  of  sodium  L-thyroxine  hexahydrate  for  six  consecutive  da3’S  while  the 
other  group  was  held  as  a  control.  One  hour  following  the  final  thj-roxine  injection  1  pe. 
of  Fc^®Cl3  was  administered  bj-  intra peritoneal  injection  to  each  animal.  After  16  hours 
the  animals  were  anesthetized  and  the  livers  removed  and  perfused  with  saline.  Catalase 
was  isolated  according  to  the  method  of  Greenfield  and  Price  (4).  Heme  was  recovered 
from  the  catalase  molecule  bj'  treatment  with  acid-acetone  (1%  HCl).  Following  centri¬ 
fugation.  the  hemin  concentration  was  determined  in  a  Beckman  DU  Spectrophotometer 
at  540  m/x.  (5).  Aliquots  of  the  hemin  solution  were  evaporated  in  stainless  steel  planchets 
and  counted  in  a  windowless  gas  flow  counter. 

RESULTS 

Data  illustrating  the  elTect  of  thyroxine  administration  on  liver,  kidney 
and  blood  catalase  activity  is  presented  in  Table  1.  It  tvas  apparent  that 
the  administration  of  thyroxine  resulted  in  a  decrease  in  liver  (P  <0.01)  and 
kidney  (P  <0.0o)  catalase  activity.  The  decrease  could  not  have  been  due 
to  the  stress  of  thyroxine  injection  since  injection  of  the  vehicle  failed  to 
produce  an  effect  on  catalase  activity.  Blood  catala.se  activity,  unlike  liver 
and  kidney,  was  not  affected  by  administration  of  the  hormone. 

To  determine  if  the  decrea.sed  catala.se  activity  in  livers  of  thyroxine- 
treated  rats  was  due  to  a  direct  inhibition  by  the  thyroid  hormone,  the 
effects  of  thyroxine  and  3,o,8'-triiodo-L-thyronine  were  tested  in  vitro. 
Thyroxine  and  8,5,8'-triiodo-L-thyronine  were  added  (final  concentration 
8X10~^  AI)  to  liver  homogenates  prior  to  determination  of  catalase  activ¬ 
ity.  No  effect  of  the  hormone  on  enzyme  activity  was  noted  either  with  or 
without  a  pre-incubation  period. 

\\’he»i  liver  homogenates  from  normal  and  thyroxine-treated  rats  were 
mixed,  the  catalase  activity  of  the  resulting  homogenates  corresponded 
clo.sely  to  the  sum  of  the  activities  of  the  .separate  fractions  (Table  2).  This 
finding  suggested  that  the  decreased  liver  catalase  activity  following  thy¬ 
roxine  administration  was  the  result  of  a  reduced  concentration  of  the 
enzyme  rather  than  inhibition  of  the  activity  of  a  given  amount  of  enzyme. 

Further  evidence  on  this  point  was  obtained  by  measuring  the  incorpora¬ 
tion  of  hV*  into  the  heme  portion  of  the  catala.se  molecule  (Table  3).  It  can 


Table  1.  Effect  of  thyroxine  ahmixistration  on  catalase  ACTivTTY*t 


Tissue 

C'ontrol 

Vehicle 

Thyroxine 

I.ivi'r 

5100+200  (12) 

5300  +  200  (0)  I 

3700  ±300  (12) 

Kidiu'v 

2050  + 100  (  0) 

2000  +  200  (0) 

2250  +  100  (  0) 

Blood 

;n50+  .50  (  0) 

— 

3100+  50  (  6) 

*  Activity  expressed  in  catalase  units  (3). 

t  Figures  in  parentheses  represent  the  number  of  determinations. 


December,  1960  THYROXINK  AND  C'ATALASE  ACTIVITY 


S41 


Table  2.  Diu  tiox  of  catalase  activity  of  livek  homocexates  fr(»m  xokmal  hats 

BY  THE  ADDITIOX  OF  LIVER  HOMOC.EXATES  FROM  TIIYROXIXE-TREATEl)  RATS 


-Milliliters 

of  liver  homogenate 

Catalase 

activity 

Normal 

Thyroxine-treated 

.\etual 

Theoretical 

1 .0 

0.0 

4300 

_ 

0.7 

o.:i 

3850 

3000 

0.5 

1  0.5 

3050 

3700 

o.:i 

j  0.7 

3300 

3400 

0.0 

!  1 .0 

30.50 

— 

he  seen  from  a  comparison  of  the  specific  activities  tliat  a  marked  inhilntion 
of  radioiron  incorporation  into  liver  catalase  was  present  in  tlie  thyroxine- 
treated  animals  as  compared  to  normals.  Xo  estimate  of  the  degree  of 
inhibition  of  radioiron  incorporation  was  attempted  since  differences  in  the 
catalase  concentration  in  the  two  groups  would  result  in  an  unefiual  dilu¬ 
tion  of  the  newly  formed  catalase. 

DISCUSSION* 

The  finding  of  a  decreased  liver  and  kidney  catalase  activity  together 
with  a  normal  blood  catalase  activity  is  not  without  precedent.  This  differ¬ 
ential  effect  resembles  that  observed  in  the  tissues  of  tumor-bearing  ani¬ 
mals  (6).  A  similar  effect  has  also  been  noted  following  the  administration 
of  tumor  toxohormone  (7)  and  the  herbicide  3-amino-l, 2, 4-triazole  (S).  One 
possible  explanation  for  the  differential  effect  of  thyroxine  on  catalase 
activity  of  liver  and  blood  may  be  obtained  from  the  data  of  Theorell  ei  <il. 
(9).  These  workers  reported  a  much  slower  rate  of  catalase  synthesis  in 
blood  than  liver.  Thus,  an  inhibition  of  catalase  .synthesis  might  produce  a 
difference  in  the  catalase  activity  of  the  two  tissues  similar  to  the  one  ob¬ 
tained  in  this  investigation. 

Data  on  the  mechani.sm  of  inhibition  of  liver  catala.'^e  activity  by  the 
thyroid  hormone  suggested  that  the  hormone  probably  did  not  directly 
inhibit  catalase  activity.  Dilution  experiments  indicated  that  the  decrea.sed 
catala.se  activity  was  due  to  a  lower  than  normal  amount  of  the  enzyme. 
.Also,  studies  on  the  incorporation  of  FV®  into  the  heme  portion  of  the  cata¬ 
lase  molecule  revealed  a  marked  inhibition  in  hV*  incorporation  in  livers  of 


Table  :I.  Ixcorforatiox  of  ixto  liver  i  atalase  ix  normal 
AXI)  thyroxixe-treated  rat.s 


Control  ThyroxiiH'-troatod 


Catalase  activity 

CPM/mg.  heme 

Catalase  activity  ' 

CPM/mt?.  heme 

1 

.5050 

3550 

3100 

2.500 

2 

5200 

7050 

2700 

19.50 

3 

4450 

2950 

2100 

1350 

4 

1  4850 

3400 

3400 

2000 

Avg. 

4900 

4250 

2800 

19.50 
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thyroxine-treated  animals.  From  this  information  it  appears  likely  that  the 
hormone  j)lays  a  role  in  the  refiulation  of  formation  of  the  enzyme. 

The  mechanism  hy  which  this  hormone  functions  in  the  refjjulation  of  cat¬ 
alase  formation  is  undouhtedly  a  hi<;hly  specific  one  since  thyroxine  admin¬ 
istration  has  been  shown  to  pioduce  an  increase  in  the  concentration  of 
another  liver  hemeprotein,  cytochrome  c  (10).  Further  investigations 
concerning  the  role  of  the  thyroid  hormone  in  the  metaholism  of  hemepro- 
teins  seem  desirable. 
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(’OMPAHISOX  OF  THE  UTEROTROPHK'  ACTIVITIES  OF 
VARIOUS  STEROIDS  WITH  THEIR  UTH.IZATIOX  IX 
IX  VITRO  ESTROGEX  BIOSYXTHETK’  SYSTEMS* 


JACX^UES  E.  L()X(;CHAMPT,2  MIKA  IIAVAXO, 
MAXIMILIAX  FIIHEXSTEIX  and  PALPII 
I.  DOHFMAX 

Worcester  l-'oundatiou  for  I’h  periiiientnl  Biologij,  Sltreieshurii,  Massoeliiisetts 

and 

hivision  of  Steroid  Research,  Department  of  Research  Medicine,  rniversitu  of 
Rennsijlvania,  Rhiladelphia,  Renns!)lvania 

AliS'I'HAC'T 

Tin*  utorotrophic  activitios  (if  17/8,  ll)-<lia(*ct()xy-A*'Min(lr()sta(li(‘n-3-oiu‘, 

1 9-hy(lroxy-AMin(lrost(‘n(‘-3, 1  T-dioiu*,  1 0-acc'toxy-AMindrostc'iu'-d,  1  “-dioiu*, 
A'-Mindrostadi(>nc-3,17-di()iu“  and  1 7/3-l>ydr()xy-A'  Mindr()stadu‘n-3-()m‘  have 
hei'ii  measured.  Only  the  first  eompniind  showed  any  significant  ('strogenie 
activity,  haviiiK  a  potency  of  l.S%  of  that  of  (‘strone.  In  vitro  incubations  of 
this  compound  with  placental  homogenates  did  not  yield  estrogens.  However, 
incubations  with  rat  liver  homogenate  did  yield  estrogens  by  virtue  of  an 
esterase  capable  of  the  hydrolysis  of  the  19-acetate;  the  deacetylated 
jiroduct  spontaneously  aromatizes  in  ring  .V.  This  estc'rase  could  not  be 
demonstrated  in  human  i)lacental  homogenates.  .\  discussion  of  these  results 
in  relation  to  in  vitro  estrogen  biosyntlu'sis  is  given. 

The  recent  .synthesi.s  of  17/i,10-(liacetoxy-A'  ‘-androstadien-lFone  hy 
Ehrenstein  and  Otto  (1)  lias  made  possilile  some  biological  studies  on 
tliis  steroid.  The  data  pre.sented  in  this  communication  indicates  that  this 
steroid  has  a  unitpiely  high  uterotrophic  activity  and  that  this  activity  is 
probably  due  to  the  spontaneous  aromatization  of  ring  A  of  the  biologically 
deacetylated  derivative.  The  activities  of  other  closely  related  structures 
assayed  at  the  same  time  are  discussed  in  relation  to  their  relative  turnover 
to  estrogens  in  in  vitro  .sy.stems. 


E.XPERIMEN'TAI 

Vlerotrophic  Activity 

Twenty-one-day  old  Swiss  albino  mice  were  injected  subcutaneously  once  daily  for 
three  days  with  the  test  compounds  and  run  in  parallel  with  estrone  and  sesame  oil 
treated  control  animals.  The  daily  dose  was  contained  in  9.1  ml.  of  sesame  oil.  .\utopsy 
was  performed  24  hours  aftc'r  the  last  injection,  at  which  time  uterine  weight  and  body 
weight  were  determined.  The  resiKinses  are  reconh'd  in  terms  of  uterine  ratio  defined  as 
milligrams  of  uterus  per  gram  of  body  weight. 

Received  May  10,  1960. 
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*  Fellow  of  the  French  Government  (Cultural  Relations). 


843 


S44 


LOXGCHA.MPT  ET  AL. 


Volume  67 


17/i,19-l)ia(*etoxy-A*  Muulrosta(lien-3-one  showed  definite  iiteiotrophic 
activity  (Table  1)  and  had  a  potency  of  1.8%  of  that  of  estrone.  17/3- 
Acetoxy-estradiol-17/3  assayed  in  parallel  with  the  diaceto.xy  compound  as 
indicated  in  Experiment  B,  Table  1,  showed  an  activity  at  least  ten  times 
that  of  estrone.  Since  the  lowest  dose  of  17j(3-acetoxyestradiol-17/3  (0.02  /ug) 
studied  produced  a  maximum  uterine  ratio  of  0.36  ±0.318,  a  precise  relative 
potency  could  not  be  determined.  Table  2  records  the  relative  uterotrophic 
activity  of  10-acetoxy-A^-androstene-3,17-dione,  A'’^-androstadiene-3,17- 
dione,  19-hydroxy-A^-androstene-3,17-dione,  and  17/3-hydroxy-A'  ^-andro- 
stadien-3-one.  Only  10-hydroxy-A^-androstene-3,17-dione  showed  any  sig¬ 
nificant  uterotrophic  activity,  the  relative  potency  being  roughly  1  2000th 
that  of  estrone.  The  slope  of  the  log  dose-response  line  of  19-hydroxy-A^- 
androstene-3,17-dione  was  significantly  lower  than  that  of  estrone  and  the 
precise  relative  potency  of  the  former  steroid  could  not  be  calculated.  .\11 
the  other  steroids  of  this  group  were  inactive  at  doses  up  to  lOO^ug.  and 
therefore  could  not  be  more  than  1  200()th  as  active  as  estrone. 

I/i  Vitro  I nciibations  of  t9-Acetoxy  Structures 

To  test  the  possibility  that  17j(3,19-diacetoxy-A‘'^-androstadien-3-one 
possessed  a  .significantly  higher  uterotrophic  activity  because  of  conversion 
to  estrogens,  the  compound  was  incubated  with  the  human  placenta  micro¬ 
somal  system  of  Byan  (2)  which  is  known  to  convert  testosterone  and  other 


TaBI.K  1.  KsTROCiKMC  AC  TIVITY  OK  1  19-DI ACETOX Y-A' ^-A M)ROSTAl)IEN-:}-OXE 

AM)  17pj-A(’ETOXY-ESTRA  1)101.-170 


Kxperiinent 

Xo. 

-Material  administered 

Total  dose,  mK- 

Xo.  of  mice 

Mean  uterine 
ratio  ±  S.K.* 

.\ 

0 

0 

15 

0.94  ±0.075 

(1.05 

15 

2.58+0.120 

Kstrone 

0.1 

15 

:i.:i4  +o.:i04 

0.2 

15 

5.71  ±0.292 

0.2 

15 

1.05  ±0.061 

170,19-I)iaeetoxv-A' 

1 

14 

1.58+0. 085 

androstadien-d-one 

2 

14 

2.02  ±0.185 

4 

14 

2.85  ±0.199 

H 

0 

0 

11 

0.98  ±0.089 

0.05 

10 

2.86+0.182 

Kstronc 

0.1 

10 

5.98+0.261 

0.2 

10 

6.45±0.404 

2 

10 

5.05+0.285 

1 70, 19-l)iacetoxv-A* 

4 

10 

5.61  +0.508 

androstadien-8-one 

8 

10 

4.99+0.252 

16 

10 

6. 15  ±0.459 

1 70-.\cetoxv-estra- 

0.02 

9 

6.56  ±0.518 

diol-170 

0.06 

10 

6.51  ±0.240 

0.18 

10 

6.21  ±0.254 

•  S.K.  eijuals  standard  error. 
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Table  2.  Estrogenic  activity  of  various  C19  steroids 


Material  administered 

Total  dose,  /ig. 

No.  of  mice 

Mean  uterine 
ratio  ±S.E. 

0 

0 

10 

1.01  ±0.07 

Estrone 

0.05 

10 

1  .08+0.14 

O.l 

10 

2.08+0.20 

0.2 

0 

4.14+0.41 

0.4 

10 

5.io  +  o.:io 

Itt-Hvdroxv-M-An- 

1 

0 

1  .02+0.00 

drostene-:t,-17-dione 

10 

8 

1  .00+0.07 

.50 

8 

1  .:u  +0.08 

100 

8 

1.80+0.15 

lt)-Aoetoxv-A^-Andro- 

1 

8 

0.08+0.07 

stene-d,-17-dione 

10 

0 

1  .05+0.00 

.50 

0 

1  .05+0.00 

100 

" 

1 .10  ±0.05 

A'  ‘‘-Androstadien-d,  17- 

1 

10 

0.02+0.05 

dione 

10 

10 

0.04+0.05 

50 

10 

0.8:5  +0.05 

100 

10 

1  .02  ±0.0:5 

17d-Hvdroxv-A'-^-An- 

1 

10 

0.02  +0.05 

d  rost  adien-d-one 

10 

i) 

1.00+0.10 

50 

10 

1  .00+0.08 

100 

10 

1  .21  +0.00 

Ci9  steroids  to  estrogens.  Human  placentas  obtained  immediately  following 
delivery  were  homogenized  at  4°  in  a  solution  of  1%  KCl.  The  microsomal 
fraction  was  obtained  by  differential  centrifugation  between  o,0()0  g.  and 
105,000  g.  and  resuspended  in  0.1  M  phosphate  buffer,  pH  7.  The  incuba¬ 
tion  mixture  contained  microsomal  fraction  (0.5  mg.  nitrogen /ml.),  4.0 
MMoles  TPX,  8.5  juMoles  glucose-G-phosphate,  1  unit  glucose-O-phosphate 
dehydrogena.se,  and  100  mK-  steroid  dis.solved  in  propylene  glycol,  in  a  total 
volume  of  3  ml.  Incubations  were  carried  out  in  air  at  87°  for  one  hour.  The 
mixture  was  extracted  with  chloroform. 

The  crude  residue  derived  from  the  chloroform  extract  was  developed  in 
the  ligroin-propylene  glycol  paper  chromatograph  .system  for  5  and  22 
hours.  A  repre-sentation  of  these  results  is  illustrated  in  P'igure  1.  The 
Turnbull’s  blue  reagent  (I’eCl»-K3Fe(CX)6)  was  u.sed  to  detect  phenolic 
substances  on  the  paper.  Mobilities  were  compared  with  known  standards 
run  on  the  same  chromatogram.  Tis.sue  blanks  showed  negative  estrone 
levels.  ACAndrostene-8,17-dione  incubated  at  the  same  time  as  a  reference 
dandard  was  transformed  almost  completely  to  estrone  (F'ig.  1,  .strip  1). 
The  incubation  with  17/3,l{)-diacetoxy-A'’^-androstadien-8-one  failed  to 
eveal  any  conversion  to  phenolic  .substances  (Fig.  1,  strips  2  and  8).  How- 
‘ver,  three  Zimmermann  positive  (17-keto.steroid)  spots  were  noted;  one 
vith  the  theoretical  mobility  of  19-acetoxy-A‘’^-androstadiene-8,17-dione. 

To  retest  the  inability  of  the  placenta  microsomal  preparation  to  hydro- 
yze  the  19-acetoxy  group,  19-hydroxy-A^-androstene-8,17-dione  and  19- 
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acetoxy-A^-aii(lrostene-3,17-dione  were  incubated  with  the  tissue  prepara¬ 
tion  in  the  manner  prescril)ed  al)ove.  While  the  free  compound  was  com¬ 
pletely  converted  to  estrone  (Fig.  1,  strip  4),  the  19-acetoxy  compound  was 
not  transformed  and  the  unchanged  substrate  was  recovered  (Fig.  1,  strip 
o).  Whole  placental  homogenates  were  also  unable  to  hydrolyze  the  19- 
acetate  linkage  of  l7d,19-diacetoxy-A'  ^-androstadien-.'l-one,  although 
transformation  of  the  17-acetoxy  grouping  to  the  17-ketone  (hydrolysis 
and  oxidation)  was  rapid. 

Hat  liver  whole  homogenate  was  then  investigated  for  19-esterase 
activity.  X  ()..‘l  M  sucrose  homogenate  containing  1  gm.  of  fresh  liver  was 
incubated  with  SO  //g.  of  17/3,19-diacetoxy-A‘  ^-androstadien-;i-one  in  0.04 
M  Tris  buffer,  pH  7.o,  for  2  hours  at  4S°,  in  a  total  volume  of  4. .5  ml.  The 
mixture  was  extracted  with  chloroform  and  the  crude  residue  analyzed  by 
paper  chromatography  using  the  ligroin-propylene  glycol  system.  Hesults 
showed  the  presence  of  only  three  .substances,  the  unchanged  starting 
material,  estrone,  and  a  small  amount  of  estradiol  (Fig.  1,  Strips  (i  and  7).  It 
thus  appears  that  the  liver  contains  a  19-esterase,  as  well  as  the  17-estera.se 
and  17-dehy drogena.se.  The  strong  tendency  of  the  19-hydroxy-A'  ^  .struc¬ 
ture  to  dehydrate  to  the  aromatic  ring  .\  would  account  for  the  appearance 
of  the  estrogens. 


sues  22  HRS  22  MRS  22  MRS  5  HRS  5  HRS  22  MRS  22  HRS  22  HRS  5  HRS  22  HRS 

STD  STD  STD  STO  I  2  3  4  3  fc  7 


Fig.  1.  PapiT  ('hromatograms  of  hi  Vitro  Incubations.  Strips:  1  cni.X4.Tcni.  (startiiu 
liiH'  to  tip).  Steroid  Standards:  .\  =  19  acctoxy-A^-androstcnc-3,17-diom*;  11  =  17/3,11*- 
diacctoxy-A''^-aiulrostadicn-4-onc;  ('  =  1  {)-hydroxy-A^-androstcnc-3, 1 7-dionc;  I)  =A'  ^ 
androstadicnc-.'l, 1 7-dion(‘:  IC  =  A^-androstcnc-3,1 7-dion<“;  1' =  cstradiol;  and  (l=ostron(' 
I.igroin-|)ropyl(‘iu‘  glycol  system,  n  and  22  hours.  Positive  color  reactions  and  I'.V.  ah 
sorption  are  noted  on  the  right  of  each  sjiot;  Zimm.  =  Ziinniermann  reaction  for  17 
ketosteroids.  Turnhull  =  TurnhuU’s  jihenol  reagent. 
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l)IS('USSIOX  AND  CONCLUSIONS 

'File  patliways  of  estrogen  biosynthesis  nnder  discussion  in  this  paper  are 
illustrated  in  Figure  2.  The  transformation  of  lt)-hydroxy-AMuidrostene- 
d,17-dione  and  A'  ^-androstadien-d,17-dione  to  estrone  hy  human  placental 
homogenates  has  been  documented  by  various  groups  (2,  3,  4).  The  former 
compound  has  now  been  proven  (4)  to  be  an  intermediate  in  the  biosyn¬ 
thetic  pathway  of  estrone  from  AMmdrostene-;i,17-dione,  and  has  been 
shown  to  be  transformed  ecjually  or  more  readily  than  its  non-hydroxylated 
precursor.  Such  appears  also  to  be  the  case  with  19-oxo-A^-androstene- 


Fig.  2.  Pathways  of  Estrom-ii 
Biosynthesis. 
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d,f7-dione  (5).  A''^-Androstadiene-d,17-dione  is  converted  to  estrone  by 
placental  homogenates  though  to  a  lesser  degree  (15-2.5%)  than  A^-andro- 
stene-d,17-dione. 

'Fhe  uterotrophic  activities  of  A^-androstene-5,17-dione,  A’  ^-androstadi- 
ene-d,17-dione  and  17/S-hydroxy-A' ^uidrostadien-.4-one  are  of  a  negligible 
order;  19-hydroxy-A^-androstene-5,17-dione  is  somewhat  higher  and  in 
keeping  with  the  in  vitro  picture,  though  still  only  some  1  2(K)0th  that  of 
estrone.  19-()xo-AMindrostene-d,17-dione  has  not  as  yet  been  bioassayed. 
It  is  presumed  that  these  steroids  function  uterotrophically  by  virtue  of 
their  transformation  to  estrogens  in  the  whole  body  and  that  the  activities 
observed  are  a  reflection  of  concentrations  which  reach  organs  capable  of 
estrogen  biosynthesis. 

The  availability  of  17,d,  lt)-diacetoxy-A''^-androstadien-d-one  made  pos¬ 
sible  the  testing  of  this  substance  in  both  the  in  vivo  and  in  vitro  systems. 
The  natural  generation  of  the  free  analogue  of  this  material  in  the  body  is 
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dubious  as  there  appears  to  be  no  facility  for  1,2-dehydrogenation  in  the 
human  body.  Of  further  interest  in  this  connection  is  that  the  A'-dehydro- 
genase  (of  bacterial  origin)  is  unable  to  utilize  19-hydroxy-A^-androstene- 
:bl7-dione  as  a  substrate  (5).  However,  because  19-hydroxy-A'  ^-andro- 
stadiene-3,17-dione  is  the  probable  intermediate  between  A'-^-androstadi- 
ene-3,17-dione  and  estrone,  the  examination  of  17/3,19-diacetoxy-A*-^- 
androstadien-3-one  was  of  interest.  The  incubation  of  this  material  with 
placenta  tissue  curiously  yielded  no  estrogen  while  the  bioassay  showed  a 
low  but  definite  uterotrophic  activity.  It  was  soon  apparent  that  the 
placenta  lacked  ability  for  the  deacetylation  of  the  19-acetoxy  group,  the 
ester  linkage  blocking  aromatization  of  ring  A.  Incubation  with  liver  tissue 
yielded  estrogen  in  good  yield.  The  failure  of  the  appearance  of  any  prod¬ 
ucts  displaying  physical  characteristics  of  the  free  19-hydroxylated  A'-^* 
structure  confirms  the  suspicion  that  even  under  the  relatively  neutral 
conditions  of  the  incubation  and  work-up,  this  grouping  is  highly  unstable 
and  spontaneously  collapses  to  the  phenolic  ring  A.  The  1.8%  figure  of  the 
uterotrophic  activity  of  17/3,19-diacetoxy-A’-^-androstadien-3-one  must 
therefore  be  a  measure  of  the  amount  of  estrogen  thus  liberated  by  the 
liver  which  eventually  arrives  at  target  sites. 
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(’OMPARATIVE  AIYOTROPHK^  AND  NITROGEN 
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Slerling-W'inthrop  Research  Institute,  Rensselaer,  Xew  York 
ABSTRACT 

The  myotr()j)hic  and  nitroKcni  retaining  effeets  of  five  steroids  (methyl- 
testosterone;  methylandrostenediol;  17a-methylandrosta-4,H-diene-17/(3-ol-3- 
one;  19-nor-17a-meth3landrost-5  (10)  eno-17/?-ol-3-one  and  17|3-hydro.\y-17a- 
methylandrost-4-eno[3,2-e]pyrazole  were  compared  with  those  of  testo¬ 
sterone  propionate.  The  myotrophie  potencies  and  95%  confidence  limits  of 
the  five  compounds  relative  to  testosterone  proi)ionate  at  100  were:  methyl- 
testosterone,  63  (46-90);  methylandrostenediol,  6.7  (4.4-9.8);  methylandro- 
stadienolone,  4.6  (3. 7-6.5);  methylnorandrostenolone,  30  (21-44)  and  hydroxy- 
stenazole,  8.0  (5.1-11.4),  whereas  the  nitrogen  retaining  potencies  were: 
meth3'ltestosterone,  17  (4-69);  methylandrostenediol,  2.5  (estimated);  meth}!- 
androstadienolone,  12  (4.8-29) ;  methylnorandrostenolone  and  hydroxystenazole 
inactive.  Agreement  existed  between  the  mvotrophic  and  nitrogen  retaining 
potencies  of  methjdtestosterone,  metlyvlandrostencdiol  and  meth3’landro- 
stadienolone.  A  disparit3'  between  the  mvotrophic  and  nitrogen  retaining 
activities  of  methvlnorandrostenolone  and  hvdrox3stenazole  was  noted  in  that 
each  was  m3  otro|)hic  but  neither  supported  nitrogen  rebmtion.  The  latter  two 
compounds  were  observed  to  be  estrogenic.  These  data  indicate  that  inherent 
estrogenic  properties  or  estrogenic  contamination  of  a  compound  ma3'  inter¬ 
fere  more  with  the  demonstration  of  nitrogen  ndaining  effects  than  with 
mvotroi)hic  effects. 

IT  IS  a  well  estal)lis>hed  fact  that  the  common  amlrogens  are  anabolic  as 
well  as  androgenic  (1,2,  8).  However,  marked  masculinizing  side-effects 
accompanying  anabolic  do.ses  limit  the  clinical  u.sefulness  of  these  com¬ 
pounds.  Within  recent  years,  a  number  of  compounds  have  been  described 
which  possess  a  relative  spread  between  anabolic  and  androgenic  dose 
levels,  e.g.  methylandro.stenediol  (4,  5),  17a-ethyl-19-nortestosterone  (0) 
and  4-chlorotestosterone  (7).  The  laboratory  estimation  of  androgenic 
activity  is  straightforward,  whereas  that  of  anabolic  activity  is  somewhat 
more  complicated.  In  general,  the  assessment  of  anabolic  activity’  has  been 
based  on  one  or  more  of  the  following  procedures:  increase  in  the  weight  of 
the  levator  ani  muscle,  increase  in  the  total  body  weight  and  increa.se  in 

Received  May  13,  1960. 
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nitrogen  retention.  Of  these,  the  growth  of  the  levator  ani  muscle  has  be¬ 
come  the  metliod  most  widely  used,  whereas  nitrogen  balance  studies  have 
been  reserved  for  more  conclusive  evaluation  of  anabolic  activity.  To  our 
knowledge,  there  are  no  definitive  data  on  the  relative  myotrophic  and 
nitrogen  relent  ion  effects  of  compounds  compared  with  those  of  a  common 
reference  material.  This  communication  deals  with  the  (juantitative  asse.ss- 
ment  of  the  myotrophic  and  nitrogen  retaining  effects  of  several  steroids 
with  testosterone  propionate  as  the  reference  material. 

MATERIALS  AND  METHODS 

The  steroids  eonipared  in  this  study  were  testostiToue  propionate;  inethyltestosterone; 
methylandrostenediol;  17a-inethylandrosta-4,()-diene-17|(i-ol-:t-one  (inethylandrostadi- 
enolone) ;  1 9-nor-l  7a-inetliylandrost-.%  (10)  ene-1 7^-ol-:t-one  (iindliylnorandrostenolone) 
and  1 7^-hydroxy-l  7a-inethylandrost-4-eno[3.2-e]pyrazole  (hydroxystenazole).  Tlie  eliein 


ical  structures  of  the  latte 

CHj 

r  three  eoinjatunils  are: 

CIL 

CH, 

CH,  (HI 

CH,  (»H 

/XJXX 

\|/x 

CH,  1  1 

1  1  ! 

CH  CH,' 

1  1 

/ — 

/\xX/  — 

XX/'  1  ' 

„  ' 

<>=\A/ 

HX  J 

1 

] 

173-Methylaiulrosta-4, 

1 9-Nor- 1 7o-nn‘t  hy  landrost  - 

17fi-Hvdroxv-17a-methvlandrost- 

6-<lien(‘-l  7(<-fjl-3-on<! 

.5(10)-t“ne-l  7p(-ol-3-one 

4-t>no|3,2-cl 

pyrazole 

The  steroids  were  jjrepared  as  solutions  or  sus|)ensions  in  V  V  ethanol-eottonseed 
oil.  The  physical  stat»‘  was  dependent  upon  the  solubility  eharaeteristies  of  eaeh 
eom  pound. 

Assay  of  myotrophic  activity 

The  myotrophie  activity  was  det(‘rinined  by  a  modification  of  the  method  of  Hersh¬ 
berger,  Shipley  and  Meyer  (8).  Immature  male  rats  of  the  Sprague-Dawley  strain.  22 
days  of  age  (41-44  gm.)  were  eastratcvl  and  maintaim>d  on  laboratory  chow  fed  ad 
libitum.  Eaeh  eomj)ound  was  adminisb-red  subeutaneously  daily  exee|)t  Sunday  for  nine 
days,  starting  seven  days  after  castration.  'I'he  daily  dose  of  eaeh  eomi)ound  was  given 
in  0.2  ml.  of  vehicle,  'fhe  animals  were  autopsied  <m  the  17th  post-eastration  day,  24 
hours  after  the  last  medication.  The  levator  ani  muscle  was  excised,  blotted  and  weighed 
on  a  micro-torsion  balance. 

Assay  of  nitrogen  retaining  activity 

The  ability  of  these  test  agents  to  influence  nitrog(*n  metabolism  was  determined  l).\ 
a  modification  (9)  of  the  method  of  Koehakian  (10).  Briefly,  the  i)roeedure  was  as  fol¬ 
lows:  Castrated  male  rats,  weighing  initially  200  gm.,  were  brought  gradually  to  weight 
and  nitrogen  ecpiilibrium  by  reducing  the  daily  feed  allotment  over  a  period  of  three  to 
four  months.  The  diet  had  the  following  composition:  eerelose  .33.67,  dextrin  33.67 
yeast  (Fleisehmann’s  2019)  9.2,  hydrogenated  vegetable  oil  7.4,  laetalbumin  6.0,  methyl 
cellulose  .5.0,  alirhaeel  .5.0,  .1  and  F  salts  3.7,  choline  dihydrogen  citrate  0.9,  cod  liver  oil 
0.2.5,  wheat  germ  oil  0.16  and  liver  extract  (Wilson’s  fraction  0)  0.0.5.  The  control 
urinary  nitrogen  excretions  of  the  rats  were  determined  over  a  72-hour  period  Sunday 
to  Wednesday  of  one  week.  The  body  weight  records  and  nitrogen  excretion  value> 
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Fig.  1.  Rosponsi'  of  lovator  ani  inusclo  of  castratotl  inalo  rats  to  fjraded  doses  of 
testosterone  propionate  (O),  methyltestosterone  (A),  niethylandrostenediol  (■),  niethyl- 
norandrostenolone  (#),  inethylandrostadienolone  (A),  and  hjdroxy.stenazole  (□). 

during  this  eontrol  jieriod  served  as  the  basis  for  seleeting  the  rats  for  tlie  t(‘st  eondneted 
tlie  following  week.  The  test  materials  were  administered  suheutaneously  over  a  jieriod  of 
five  days.  Total  urine  eolleetions  wen'  made  over  the  final  72  hours  of  the  mi'dic'ation 
period.  The  diiTerenee  between  urinary  nitrogen  exeretion  during  the  medieation  period 
and  that  of  the  preec'ding  period  was  due  to  the  administration  of  the  test  agent. 

The  pertinent  feature  of  this  modification  of  Koehakian’s  method  is  the  lowering  of 
the  protein  level  of  the  diet  from  18  to  approximatelj’  9%.  Our  exjierienee  in  over  (U) 
assays  has  shown  that  rats  equilibrate  on  this  diet  to  a  level  of  nitrogen  ('xeretion  which 
facilitates  quantitation  of  nitrogen  retaining  activity. 

UESUI/rs 

Tlie  results  of  these  studies  are  presented  graphically  in  Figures  1  and  2. 
The  myotrophic  and  nitrogen  retaining  activities  of  each  compound,  rela- 


Fig.  2.  Effect  of  graded  doses  of  testo- 
'terone  propionate  (O),  methyltestosterone 
(A),  niethylandrostenediol  (■),  metlnl- 
iiorandrostenolone  (•).  methj-landrosta- 
dienolone  ( A),  and  hydroxystenazole  (□) 
>n  urinary  nitrogen  excretion  of  castrated 
nale  rats. 
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tive  to  te.'^to.'iteroiie  propionate,  were  calculated  accordinj?  to  the  U.S.P. 
XV  procedure  (11). 

The  myotrophic  potencies  and  their  9”>%  confidence  limits  of  the  five 
compounds  relative  to  testosterone  propionate  at  100  were:  methyltesto- 
sterone,  OH  (10-00);  methylandrostenediol,  0.7  (4.4-O.S)  methylandro- 
stadienolone,  4.0  (.4.7-0..)),  methylnorandrostenolone,  40  (21-44)  and 
hvdroxystenazole,  S.O  (.5.1-11.4),  whereas  the  nitrogen  retaining  potencies 
are:  methyltestosterone,  17  (4-09);  methylandrostenediol,  2.5  (estimated 
graphically) ;  methylandrostadienolone,  12  (4.S-2!)) ;  methylnorandrosteno¬ 
lone  and  hydroxystenazole,  inactive. 

It  may  he  seen  from  these  data  that  agreement  exists  between  the  myo¬ 
trophic  and  nitrogen  retaining  potencies  of  methyltestosterone,  methyl¬ 
androstenediol  and  methylandrostadienolone.  The  two-  to  three-fold 
difference  in  relative  potency  estimates  oh.served  for  each  of  these  three 
steroids  is  within  the  experimental  error  of  the  assay  procedures.  Thus,  it  is 
concluded  that  either  method  of  as.say  is  suitable  for  quantitation  of  the 
anal)olic  property  of  these  .steroids. 

Methylnorandrostenolone  and  hydroxystenazole  were  40  and  S%,  re¬ 
spectively,  as  myotrophic  as  te.stosterone  propionate.  Each  was  inactive 
when  asses.sed  on  the  ba.sis  of  the  ability  to  support  nitrogen  retention. 

niscussiox 

Methylnorandrostenolone  and  hydroxy.stenazole  were  observed  in  our 
lalioratory  to  be  weakly  estrogenic  and  weakly  androgenic  when  vaginal 
cornification  in  the  castrated  female  rat  and  increase  in  the  weight  of  the 
ventral  prostates  of  immature  castrated  male  rats,  respectively,  were  u.sed 
as  the  methods  of  evaluation.  It  appears  from  the.se  comparisons  that  estro- 
genicity  may  interfere  with  the  demonstration  of  anabolic  activity  as 
evaluated  by  nitrogen  balance  studies  with  castrated  male  rats.  A  possible 
cau.se  for  this  interference  derives  from  preliminary  ob.servations  that  rats 
medicated  with  hydroxystenazole  excrete  2.5-50%  more  fecal  nitrogen  dur¬ 
ing  the  medication  period  than  during  the  control  period.  The  effect  of 
hydroxystenazole  may  be  characteristic  for  estrogenic  substances  in  rats  in 
that  Leathern  also  oh.served  (12)  that  diethyl.stilbesterol  produced  a  moder¬ 
ate  increase  in  fecal  nitrogen  excretion  without  affecting  urinary  nitrogen 
excretion  when  te.sted  under  somewhat  comparable  conditions.  Preliminary 
observations  in  our  laboratory  indicate  that  20  )ug.  of  estradiol  per  rat  als( 
caused  a  small  but  consistent  increase  in  fecal  nitrogen.  The  .suggestion  i- 
offered,  therefore,  that  estrogens  lower  the  efficiency  of  protein  utilization 
in  the  rat  by  increasing  fecal  nitrogen  loss. 

.Another  difficulty  encountered  with  attempts  to  assess  the  nitrogei 
retaining  activity  of  methylnorandrostenolone  and  hvdroxystenazole  wa- 
that  rats  treated  with  high  dose  levels  of  these  compounds  refused  to  con¬ 
sume  their  entire  daily  feed  allotment  which  nece.s.'<itated  their  exclusioi 
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from  the  experiments.  This  effect  nuiy  he  related  to  the  fact  tliat  these 
steroids  are  estrogenic  since  estrofj;ens  in  general  are  known  to  produce  an 
appetite  suppressing  effect  in  rats  (Id,  14,  15).  However,  thiselfect  does  not 
appear  to  he  directly  proportional  to  degree  of  estrogenicity  in  the  series  of 
compounds  studied. 

That  hydroxystenazole  does  not  support  retention  of  nitrogen  in  the 
nitrogen  ecpiilihrated,  castrated  male  rat  deserves  special  comment  in  light 
of  the  following  observation  (unpuhlished).  Urinary  nitrogeii  excretion  in 
female  I’hesus  monkeys  maintained  on  a  constant  caloric  and  nitrf)gen 
intake  was  greatly  reduced  during  oral  medication  with  this  (*ompound  at  a 
dose  level  of  5.0  mg.  kg. /day  for  two  weeks.  Furthermore,  Furman  ct  <d. 
(10)  have  shown  that  hydroxystenazole  produced  suhstantial  retention  of 
nitrogen  (0.5  to  1.7  gm.  day)  in  humans  as  determined  hy  metaholic 
studies  when  administered  at  dose  levels  of  1.0  to  10.0  mg.  day.  These 
observations  can  he  interjireted  on  the  basis  that  estrogenic  activity  does 
not  interfere  with  the  demonstration  of  anabolic  activity  in  the  Rhesus 
monkey  and  humans.  Itideed  estrogens  have  been  reported  to  be  catabolic 
in  rats  (17)  and  anabolic  in  humans  (IS). 

The  following  two  points  appear  to  be  important  in  an  evaluation  of  the 
anabolic  activity  of  a  comijound  using  the  rat  as  the  experimental  animal. 

1.  Iidierent  estrogenic  properties  or  estrogen  contamination  of  a  com¬ 
pound  would  appear  to  interfere  more  with  the  demonstration  of  nitrogen 
retaining  effects  than  with  myotrophic  effects. 

2.  The  effect  of  a  compound  on  feed  consumption  is  sometimes  a  vitiat¬ 
ing  factor  in  nitrogen  balance  studies,  whereas  the  myotrophic  response 
appears  to  be  relatively  independent  of  minor  dietary  fluctuations. 

It  is  clear  from  these  data  that  the  use  of  both  the  myotrophic  and  nitro¬ 
gen  retaining  procedures  permits  a  more  definitive  evaluation  of  the  ana¬ 
bolic  activity  of  a  compound  than  is  possible  with  either  procedure  alone. 
We  hold  to  the  view  that  the  overall  physiological  activity  of  a  compound 
must  be  considered  when  one  undertakes  to  evaluate  anabolic  activity. 
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NORMAL  L-THYROXINE  IMETABOLISM  IN  THE 
PRESENCE  OF  POTASSIUM  PERCHLORATE  AND 
INTERRUPTED  BY  PROPYLTHIOURACIL* 

SANFORD  L.  JONES^  and  L.  VAN  MIDDLESWORTH 

Department  of  Physiology,  I'niversity  of  Tennessee,  Memphis,  Tennessee 
ABSTRAC'T 

Tlu'  urinary  tind  feciiU'xcn'tions  of  I**'  wore  studied  during  chronic*  adminis¬ 
tration  of  1'“'  L-tiiyroxino  to  rats  fed  a  low  iodine,  low  residue  diet.  C'ontrol 
rats  and  those  fed  KC1()4  were  in  iodine  balance  when  they  excreted  70%  of 
the  daily  I'**  dose  in  the  urine.  Rats  fed  propylthiouracil  (PTE)  aeeuniulated 
radiothyroxine  in  their  bodies  and  at  equilibrium  they  excreted  only  30%  of 
the  daily  1”*  do.se  in  the  urine  and  70%  in  the  feces.  Paper  chromatograms 
showed  the  feeal  1’®'  was  predominately  thjroxine  but  an  unknown 
labeled  material  was  also  present  in  the  feces.  Fifty  mierograms  of  PTU  per  rat 
per  day  was  enough  to  cause  the  PTE  effect  on  thyroxine  metabolism.  The  dis¬ 
tribution  of  urinary  and  fecal  I'®'  was  independent  of  thyroxine  dose  in  these 
experiments. 

ATWOOD  cImI.  (1)  and  MacKenzie  and  MacKenzie  (2)  suggested  that 
the  primary  goitrogenic  action  of  sulfa  drugs  and  thiourea  derivativ’es 
was  the  blockade  of  thyroxine  synthesis  in  the  thyroid  gland.  Both  groups 
of  investigators  eliminated  the  likelihood  of  reduced  effectiveness  of  thy¬ 
roxine  in  presence  of  sulfaguanidine. 

A  peripheral  action  of  methylthiouracil  was  .suggested  by  Andik  c(  al.  (3) 
who  measured  oxygen  consumption  in  thyroidectomized  rats  injetded  with 
thyroxine.  Small  doses  of  thyroxine  were  found  to  be  ineffective  in  the 
presence  of  methylthiouracil. 

Ilogness cf  a/.  (4)  .studied  rats  treated  with  propylthiouracil  and  injected 
with  .single  doses  of  !'■*'  labeled  L-thyroxine.  They  found  that  propylthi¬ 
ouracil  reduced  the  urinary  I''**  and  increased  the  fecal  radioactivity. 
VanAr.sdel  and  Williams  (o)  further  studied  this  excretion  pattern  in  ani¬ 
mals  treated  with  propylthiouracil  and  found  that  the  antithyroid  drug 
resulted  in  an  increa.se  in  biliary  excretion  of  I*®'  thyroxine.  They  concluded 
that  propylthiouracil  may  interfere  with  the  deiodination  of  thyroxine  and 
triiodothyronine.  The.se  authors  (5)  also  stated,  “Potassium  perchlorate  did 
not  alter  the  distribution  or  excretion  of  radioactivity  following  the  admin¬ 
istration  of  labeled  thyroxine,”  but  no  data  were  pre.sented. 
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Injected  tliyroxine  will  not  prevent  goiter  in  rats  fed  PTU  unless  the 
PHI  is  maintained  at  2-R  times  that  of  normal  controls  (O).  The  degree  of 
elevation  of  the  PHI  in  goiter-preventive  experiments  was  a  function  of  the 
thyroxine  dose  and  to  an  unexplained  property  of  some  diets  to  cause  fecal 
excretion  of  thyroxine  in  proportion  to  the  fecal  mass  (7). 

METHODS  AND  MATERIALS 

Albino  male  rats/  70  to  SO  gm.,  were  fed  a  low  residue  diet  which  contained  26% 
casein/  30%  sucrose,  30%  corn  starch,  H%  cotton  seed  oil  and  the  remainder  of  the  diet 
consisted  of  synthetic  vitamin  and  mineral  mixture  without  added  iodide.  Tin*  diet  con¬ 
tained  approximately  0.1  /xg.  of  iodini'  per  gram  and  the  rats  never  consumed  more  than 
16  grams  of  diet  per  day.  It  is  important  to  emphasize  that  the  fecal  mass  of  rats  fed 
this  diet  was  only  10%  as  great  as  that  of  rats  fed  commercial  laboratory  chow  (Purina). 

After  ten  days,  the  animals  were  j)laced  in  individual  win*  bottom  metabolism  cages 
j)rovided  with  plastic  funnels  for  separate  collection  of  urine  and  feces.  Each  day,  they 
were  inject<‘d  subcutaneously  with  a  fixed  amount  of  sodium  L-thyroxine'’ stock  solution 
(20  |xg.  sodium  thyroxine, ml.  in  0.02  X  NaOH).  This  .solution  was  tagged  (6)  with  I’’* 
L-thyroxine*  and  wlnm  the  experiment  began  the  injection  solution  contained  0.18/Lic.//Ltg. 
sodium  thyroxine.  The  thyroid  glands  were  blocked  by  fx'cding  0.03%  propylthiouracil 
in  the  diet  (eijuivalent  to  o  mg.  i)ropylthiouracil  200  gm.  rat/ (lay)  or  by  1%  KCIO4  (8) 
in  the  drinking  water.  The  following  daily  doses  of  sodium  L-thyroxine  were  administered 
from  the  stock  solution:  0.7,  1.4,  2.5.  and  5.0  /ng.  'I'he  body  weights  of  the  rats  increased 
30  to  40%  during  the  14-day  experiment  and  in  Table  1  the  thyroxine  doses  are  ex- 
press(“d  as  ^ig.  of  sodium  thyroxine  (mt  100  gm.  final  body  weight;  these  doses  would  be 
30  to  40%  greater  if  expressed  on  the  basis  of  100  gm.  of  initial  body  weight.  .Ml  the 
animals  given  thyroxine  grew  at  a])i)roximately  the  same  rate  as  controls  during  these 
14-day  experiments. 

Since  the  I'*'  labeled  thyroxine  may  not  remain  stable  throughout  a  14-day  exjM'ri- 
ment,  reix'ated  tests  were  made*  to  determine  the  degree  of  deterioration  of  the  labeled 
thyroxine'.  Samph's  of  the  thyroxine  stock  solution  were  added  to  fresh  human  plasma 
and  precii)itated  with  trichloroacetic  acid,  in  i)resence  of  Xal  carrier,  a  maximum  of  10% 
of  the  1'’*  was  not  precipitati'd  as  PBl'^'.  Pa])er  chromatography  with  butyl  alcohol- 
acetic  acid  and  watt'r  solvent  showi'd  a  maximum  of  14%  of  the  radioactivity  was  iodide 
after  10  days  of  an  experiment.  Therefore,  the  maximum  decomposition  of  I'^*  thyroxine 
in  the  presence  of  the  thyroxine  carrier  was  10  to  14%  of  the  radioactivity.  No  corn'ctions 
were  apj)lied  for  this  po.xsible  (h'terioration. 

-V  typical  experiment  involved  16  rats,  8  of  which  were  fed  i)ropylthiouracil  and  the 
remaimh'r  rect'ived  K('l()4  to  im|)air  endogc'iious  synthesis  of  thyroxine.  P'our  rats  were 
studied  on  each  dose  of  thyroxine  in  the  pre.sence  of  propylthiouracil  and  of  KCIO4. 
Every  otlu'r  day  the  h'ces  and  debris  were  washed  and  eollectc'd  into  j  ounce  metal  cups, 
the  washings  wen*  adch'd  to  the  urine  and  diluted  to  100  ec.  Radioiodine  was  determined 
by  a  gamma-sensitive  scintillation  counter  and  the  radioactivity  was  compared  to  com¬ 
parable  standards  which  contained  a  volume  of  the  labeled  thyroxine  stock  solution 
(*qual  to  the  dailj'  dose  of  thyroxine. 

*  Holtzman  Company,  Madison,  Wiseonsin. 

*  Vitamin-free  casein  obtaim'd  from  Nutritional  Biochemical  Company,  Cleveland, 
Ohio. 

*  L-Thyroxine  sodium  salt,  obtained  from  .Mdrich  Chemical  Company,  Milwaukee. 
Wisconsin. 

*  L-thyroxine  (tbtained  from  .Vbbott  Laboratories,  Oak  Ridge,  Tennessee. 
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II 

Sodium-L 
thyroxine  dose, 
Mg. /day  per 
100  gm.,  hnal 
body  wt. 

•Vfter  14  days 

.\verage  body 
weight, 
initial/final 
(No.  rats) 

Protein  bound  iodine  (Mg-%)  ; 

Calculated  _  PHP*^  from 
from  '  chemical 

PJJJ131*  analysis 

Thyroid  ! 
weight, 
mg./ 100  gm. 
body  weight 

Total  body 
retention  (per 
cent  of  daily 
injected  I’’’) 

1%  KC1()4  ill  drinking  water 

140/228  (4)  > 
i:{t)/218  (4) 
1:47/2:12  (4) 
1:18/2:4:4  (4) 

0.:42  4-0.02 

0.0:44-0.02 

1 .15  ±0.07 
2.:40  4-0.12 

1 .4  ±0. 15t 
2.8  4-0.20 

4.5  ±0.80 
0.8  4-0.05  i 

1  .0±0.20 

:4. 1 4-0. :40 
4.4  ±0.78 
5.9  4-0.29  1 

14.8±:4.2 

9.4  4-1.2 

5. 4  ±1.2 
4.7  4-0.2 

190  4-  5.:49 
107  4-  15.0 
188  4-  10.0 
145  ±  8.0 

0.0:4%  Propylthiouracil  in  iliet 

1:40/212  (4) 

1:42/220  (0) 

1:44/202  (4) 
1:4:4/199  (4) 

0.:42  4-0.02 
0.0:44-0.04 

1.15  ±0.07 
2.:40  4-0. 12 

2.84-0.27 
5.4  ±0.48 
9.9  4-0.:45 
15.5  ±  1  .9 

:4.0±0.44 

5 .  .5  ±  0 . 50 

1 1  .:4  ±  1 .90 
12.7  ±0.49 

2:4. 7  ±1.02 
!  I7.8±2.4 

8.44-0.45 
0.5  4-0.42 

‘  :4:42  4-.58.0 

!  :40:4  4-:44.8 

:4:47  4-:44.o 
270  ±44.0 

Controls 

1:44/220  (5) 
1%  KCIO4 
2:40  (4) 
0.0:4%  PTC 
2:4:4  (4) 

'  0 

0 

0 

i  : 

:4.:4  4-o.:49 
<0.5 

j  <0.5 

9.:4  4-0.9 
17.2  ±2.2:4 

^  :49.0±4.9 

t  Standard  Deviation. 

*  PHI  (ni^.%)  =():L(i%  of  Calcidated  Plasma  sodium  tliyroxine 


[(('ounts/min./ml.  Plasma  X  100)  ”1 

-  .  - ^ - 

(Counts/min. /#!({.  of  sodium  thyroxine  in  stoek  solution)  J 

.Vfter  14  days,  the  animals  \v(‘re  anesthetized  with  ether,  tliyroids  were  exeised  and 
weighed  and  blood  was  drawn  from  the  inferior  vena  eava.  Plasma  PHI*'*'  was  deter¬ 
mined  by  the  ehlorie  aeid  proe(*dure  (9).  The  PB1'^‘  eonecmtrations  were  (>xi)ressed  as  a 
fraetion  of  the  daily  injected  dose  of  thyroxine,  assuming  that  the  PBl  thyroxiiu'  at 
equilibrium  would  represent  only  exogeneously  administered  thyroxine  of  tin*  sanu* 
speeifie  activity  as  the  stock  solution. 

The  nature  of  the  urinary  and  fecal  ra<lioactivity  in  the  rats  f(>d  KC'1()4  or  propyl¬ 
thiouracil  was  determined  by  ascending  one-dimensional  pa])er  chromatograidiy.  Eriiu' 
samples  were  applied  directly  to  the  jiaper  strii)s.  Fecal  material  was  extract('d  by  the 
method  of  Taurog  (10)  and  then  applied  to  the  paper  for  chromatography.  The  solvents 
used  were;  n-butanol- water-acetic  acid  (75-15-10),  and  n-butanol-ethanol-2X-XH4()H 
(50-10-20).  Collidine  and  water  in  ammonia  atmosphere  (125:44)  was  occasionally  used 
but  was  not  as  dependable  as  the  butanol  solvents. 

RESULTS 

Table  1  compare.s  the  effectiveness  of  different  doses  of  injected  sodium 
L-thyroxine  on  goiter  prevention  in  the  presence  of  thyroid  blocking  agents. 
In  the  presence  of  KCIO^,  a  daily  sodium  thyroxine  do.se  of  O.ffii  pg.  per  100 
gm.  final  body  weight  resulted  in  a  plasma  bound  iodine  concentration  of 
2.S  which  was  similar  to  the  controls  and  this  dose  of  thyroxine  main- 
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tained  normal  thyroid  weights.  In  contrast,  rats  fed  propylthiouracil  had 
larger  thyroid  glands  and  higher  plasma  bound  iodine  concentration  on  all 
doses  of  thyroxine.  The  prevention  of  thyroid  hypertrophy  in  the  presence 
of  propylthiouracil  required  a  daily  dose  of  1.15  /ug.  sodium  thyroxine  per 
100  gm.  final  body  weight  but  this  was  accompanied  by  a  plasma  bound 
iodine  concentration  of  9.9  /ig.%.  Normal  plasma  PBI  concentrations  in 
rats  fed  propylthiouracil  were  maintained  by  0.82  /ig.  sodium  thyroxine  per 
day  per  100  gm.  final  body  weight,  but  this  small  dose  of  thyroxine  resulted 
in  large  thyroids  (28.7  mg.  100  gm.  body  weight).  The  control  rals  had  an 
average  PBI  of  8.8  Mg.%  and  thyroid  weight  of  9.8  mg.  100  gm.  body 
weight. 

.\s  an  index  to  the  degree  of  inhibition  of  endogenous  thyroxine  synthe¬ 
sis,  the  plasma  bound  iodine  and  24  hour  P®‘  uptakes  were  determined  in 
rats  fed  the  .synthetic  diet  with  the  thyroid  blocking  agents  (KC1()4  or 
propylthiouracil)  but  without  exogenous  thyroxine.  After  14  days,  the  PBI 
in  both  groups  was  less  than  the  minimal  detectable  amount  (  <0.5  mS-%) 
and  the  24  hour  !'•’'  uptakes  were  1.85  ±0.29%  in  the  rats  fed  propylthi¬ 
ouracil  and  0.20  ±0.16%  in  the  animals  fed  KCIO4.  Control  animals  had  24 
hour  uptakes  of  48  ±  11.7%;  therefore,  both  drugs  maintained  almost  com¬ 
plete  blockage  of  the  thyroid  gland  (Table  1). 

In  Figure  1  a  composite  of  the  average  daily  pattern  of  P®*  excretion  is 
shown  for  male  rats  fed  antithyroid  drugs  and  injected  with  daily  do.ses  of 
sodium  L-thyroxine  ranging  from  0.7  to  5.0  mS-  The  percentage  of  the  daily 
injected  thyroxine  radioactivity  excreted  in  the  urine  and  feces  completely 
overlapped  on  all  these  doses  of  thyroxine.  A  comparison  of  the  data  from 
animals  administered  the  different  antithyroid  drugs  showed  that  rats  fed 
propylthiouracil  excreted  a  predominance  of  the  I'®'  (from  labeled  thyrox¬ 
ine)  in  the  feces  but  rats  fed  KCIO4  excreted  most  of  the  iodine  from  thy¬ 
roxine  as  iodide  (see  Fig.  1)  in  the  urine.  Normal  control  rats  injected  daily 
with  2.5  Mg.  of  sodium  L-thyroxine  excreted  the  thyroxine  radioiodine 
similar  to  rats  fed  KCIO4  (Fig.  1).  The  rats  fed  propylthiouracil  retained  a 
larger  percentage  of  the  thyroxine  iodide  than  the  KCIO4  group  such  that, 
after  14  days,  the  P*'  accumulated  by  the  propylthiouracil  group  was  more 
than  twice  that  of  Ihe  animals  given  KCIO4  (Fig.  2).  Recent  experiments 
have  shown  that  the  reduced  daily  urinary  excretion  of  iodide  from  thyrox¬ 
ine  will  occur  following  a  single  dose  of  .50  mK.  of  propylthiouracil  per  rat. 
This  phenomena  therefore  as.sumes  uni(pie  importance,  becau.se  it  occurs 
from  minute  quantities  of  propylthiouracil. 

Chromatographic  analysis  of  an  acid  butanol  extract  of  fecal  material 
from  all  the  rats  (.solvent:  butanol-acetic  acid-water)  contained  only 
thyroxine-like  iodine  (Rf  0.79-0.82).’  When  the  .solvent:  butanol-ethanol- 
2N-NH4OH  was  used  in  the  chromatographic  analysis  of  acid  butanol 


'  Rj  ranges  express  the  variations  among  repeated  experiments. 
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Fig.  1.  (.\)  Daily  excretion  of  I”*  from  I'”  L-thjroxine  mixed  with  2.5  fx^.  sodium 
thjToxine  injected  daily  into  control  rats.  Average  values  are  plotted  and  positive 
standard  deviations  are  shown.  (B)  &  (C’)  .\veraKe  daily  excretion  of  I*’*  from  rats  in¬ 
jected  daily  with  1'^'  L-thyroxine  in  the  presence  of  KCIO4  or  propylthiouracil  (PTF). 
Sodium  thyroxine  mixed  with  the  daily  1‘”  L-thyroxine  was  0.7,  1.4,  2.5,  and  5.0  mK- 
per  day  and  all  results  were  averaged  together  with  the  reasonable  standard  deviations 
that  are  shown.  The  excretion  patterns  were  relatively  insensitive  to  the  thyroxine  dose 
over  the  range  used. 

extract  from  fecal  pellets  (10),  three  radioactive  spots  were  located  on  the 
chromatogram.  One  of  these  amounted  to  approximately  11%  of  the  I''” 
and  was  iodide  (Hr  0.:iS-0.40),  most  of  which  was  probably  produced  dur¬ 
ing  chromatography.  Another  53%  was  thyroxine  (Rf  0.4S-0.50),  and  an 
unidentified  spot  (Rf  0.02 -0.05)  contained  at  least  30%  of  the  total  radio¬ 
activity. 


Fig.  2.  Accumulated  body  ndention  of 
1*®'  L-thyroxine  administered  daily  for  14 
days  to  rats  fed  propylthiouracil  (PTF) 
or  KCKh.  Each  day’s  accumulation  was 
calculat(*d  from  Fig.  1  by  subtracting 
total  1'®‘  excreted  from  the  daily  1'®'- 
thjroxine  dosage,  then  these  daily  accu¬ 
mulations  were  added  progessivel}'  to  give 
the  above  curves. 
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DISCUSSION 

The  “servo”  mechanism  existing  lietween  tlie  anterior  pituitary  and  tlie 
thyroid  gland  acts  to  maintain  the  normal  secretory  activity  of  the  thyroid 
gland  (reviewed  by  ref.  11).  If  thyroid  hormone  synthesis  is  blocked  by 
antithyroid  drugs,  there  is  an  increased  secretion  of  thyroid  stimulating 
hormone  (TSll)  (12)  by  the  pituitary  gland  and  the  increasing  blood  level 
of  TSII  is  believed  to  be  responsible  for  hypertrophy  of  the  thyroid  gland. 
Wyngaarden  ct  al.  (S)  state  that  the  goitrogenic  action  of  KClOi  was  as 
effective  as  propylthiouracil  and  our  data  siiow  I*"**  uptake  was  actually 
lower  in  presence  of  KC1()4  than  from  propylthiouracil.  Therefore,  com¬ 
parable  thyroid  enlargement  should  occur  from  feeding  effective  doses  of 
either  drug  in  presence  of  a  low  iodine  diet.  However,  goiters  were  not  of 
comparable  sizes  and  propylthiouracil  was  a  more  potent  goitrogen  than 
K('1()4  in  presence  or  absence  of  exogenous  thyroxine.  It  is  conceivable  that 
in  the  presence  of  immeasurably  low  PHI  caused  by  KC'1()4  treatment,  the 
thyroid  gland  may  still  retain  an  unexplained  goiter  preventative  capacity 
such  as  synthesis  of  trace  amounts  of  a  very  effective  hormone.  However, 
we  believe  the  data  are  best  explained  by  considering  that  propylthiouracil 
may  interfere  with  the  normal  effect  of  plasma  thyroxine  on  the  pituitary 
production  of  TSH.  Such  action  would  result  in  continuous  secretion  of 
TSII  in  the  presence  of  increased  PIH  concentration.  We  would  like  to 
suggest  that  a  major  effect  of  propylthiouracil  is  to  reduce  the  metabolism 
of  thyroxine  in  rats  and  that  process  would  account  for  the  following:  (a) 
the  accumulation  of  body  thyroxine  until  a  new  eipiilibrium  is  attained;  (b) 
goiter  in  presence  of  normal  PBI  and  (c)  the  reduced  excretion  of  urinary 
iodide  from  thyroxine.  At  eijuilibrium  increased  fecal  thyroxine  in  presence 
of  propylthiouracil  would  then  be  explained  by  assuming  unchanged  biliary 
clearance  of  PBI  in  presence  of  increased  plasma  PBI.  From  our  data  we 
are  unable  to  relate  a  reduced  effectiveness  of  thyroxine  to  the  propylthi¬ 
ouracil  induced  blockatle  of  thyroxine  .synthesis  in  the  thyroid  gland. 

ADDKXDUM :  While  this  paper  was  in  pre.ss,  thiouracil  and  two  of  its 
derivatives  were  reported  to  reduce  the  deiodination  of  thyroxine  in  thy- 
roidectomized  rats:  Fscobar  Del  Bey,  F.  and  Morreale  de  Ivscobar,  (J.: 
l^xcerpta  Aledica,  International  Congress  Series  2(),  abstract  1(5,  Fourth 
International  (loiter  Conf.,  July  BHiO. 
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(CARBOHYDRATE  METABOLISM  IN  PREGNANC'Y:  THE 
TURNOVER  OF  F=“-INSULIN  IN  THE 
PREGNANT  RAT* 
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Medical  Institute,  Miami,  Florida 

ABSTRACT 

Tho  (“ffi'cts  of  |)r('Kiiancy  upon  insulin  metabolism  have  been  examined  in  the 
rat.  Fraetional  turnover  of  I  •’’-insulin  was  nu'asured  in  normal  and  21-day 
l)regnant  rats  as  well  as  in  animals  within  one  to  eight  hours  following  parturi¬ 
tion.  Half-time  for  the  disai)pearanee  of  I '’'-insulin  from  the  eireulation  (as 
measure<l  by  ehromatographie  teehniviues)  averaged  1.5.4  minutes  in  tlie  i)reg- 
nant  grouj)  and  2().S  minutes  in  the  non-pri'gnant  litter  mates.  The  signifieant 
aeeeleration  of  insulin  turnover  of  the  pregnant  animals  did  not  persist  in  the 
immediate  post-partum  period.  The  findings  indicate  that  insulin  metabolism 
is  alt('red  during  jjregnancy  and  that  the  presence  of  the  conceptus  may  con¬ 
tribute  to  the.se  changes. 

By  in  vitro  tecliiiiques,  sy.stems  for  tlie  proteolytic  inactivation  of  in.snlin 
liave  been  demon.strated  in  tlie  rat  (1)  and  human  placenta  (2).  The 
findings  prompted  the  postulate  that  placental  mechanisms  for  insulin 
degradation  may  contribute  to  the  diabetogenic  challenge  of  gestation 
since  “the  presence  of  the  placenta  as  an  added  site  for  the  irreversible 
removal  of  insulin  during  pregnancy  could  significantly  alter  the  total  in¬ 
sulin  demands  of  the  pregnant  female”  (2).  A  necessary  corollary  of  such 
speculation  is  that  there  is  an  alteration  in  the  metabolism  of  insulin  during 
pregnancy.  The  present  experiments  were  designed  to  test  this  thesis  in 
gravid  rats.  The  fractional  rate  of  disappearance  of  I'*'-insulin  from  the 
circulation  was  determined  on  day  21  of  gestation  in  rats,  a  time  presum¬ 
ably  coinciding  with  nearly  maximal  development  and  perfusion  of  the  rat 
placenta.  The  values  were  compared  to  similar  measurements  obtained  in 
non-pregnant  control  animals  and  in  post-partum  rats  within  one  to  eight 
hours  following  expulsion  of  the  conceptus.  A  significant  acceleration  of 
fractional  in.snlin  turnover  was  observed  in  the  21-day  pregnant  animals 

R(‘C(‘ivo<l  .June  9,  1900. 

'  This  investigation  was  supijorted  in  i)art  by  Research  tlrant  .\-1.571  (e)  and  Train¬ 
ing  (Irant  2.V-.506()  (c2),  National  Institute  of  .Vrthritis  and  Metabolic  Disease's,  I'.  S. 
Public  Health  Service. 

’  Public  Health  Service  Fellow  of  the  National  Institute  for  .Vrthritis  and  .Metabolic 
Diseases. 
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which  could  not  he  explained  merely  on  the  hasi.s  of  delayed  transplacental 
flux  of  radioactivity.  The  experiments  confirm  that  insulin  metabolism  is 
altered  during  pregnancy  and  lend  inferential  support  to  the  thesis  that  the 
placenta  may  he  implicated  in  these  phenomena. 

MATERIALS  AND  METHODS 

Injection  Solutions:  Bovine  erystallino  insulin,  assaying  2o  units/mg.  labeled  with 
was  diluted  with  h%  Human  Serum  Albumin  (HSA)  and  extensively  dialyzed 
against  phosphate-buffered  saline,  jjH  7.4,  upon  reeeipt  in  the  laboratory.  Injection 
solutions  were  prepared  by  further  diluting  this  dialyzed  solution  with  fresh  rat  plasma 
supplemented  with  100  /ig.  of  stri'ptomycin  and  100  units  of  penicillin  per  ml.  In  some 
instances,  unlabcded  crystalline  insuliiP  was  added  to  adjust  the  total  insulin  concentra¬ 
tion.  The  injection  solutions  were  stored  at  —18°  C  and  used  within  six  days  of 
receipt  in  this  laboratory.  .\t  tin*  time  of  administration  to  experimental  animals,  tlu' 

I '^'-insulin  in  injection  solutions  was  consistently  93  to  9.5  per  cent  homogeneous  on 
anah’sis  by  paper  chromatography  (3)  (v.i.).  Different  prejiarations  of  1 '^'-insulin  were 
employed  for  each  of  the  four  studies  described  below. 

Animals:  Female  rats  obtained  from  the  Charles  River  Breeding  Laboratories 
(Sprague-l)awley  <lescendants),  weighing  between  200  and  2.50  grams  prior  to  mating, 
were  housed  two  to  a  cage  and  allowed  Purina  pellets  and  water  ad  lib.  until  injection. 
Three  experimental  groups  were  compared:  (1)  Term  pregnant  animals  mated  during 
a  controlled  12-hour  period,  21  days  prior  to  each  experiment;  (2)  X on-pregnant  females 
similar!}'  selected  but  not  mated;  and  (3)  post-partum  rats  mated  one  day  prior  to  the 
first  group  and  studied  1-8  hours  after  spontaneous  parturition. 

Experimental  Technique:  Four  separate  experiments  were  performed  and  will  be  out¬ 
lined  in  detail  in  the  Results  section.  In  all  studies,  the  animals  were  lightly  anesthetized 
with  sodium  i)entobarbital,  4.0  mg.  per  100  gm.  body  weight,  and  anesthesia  was  main¬ 
tained  throughout  the  experimental  manipulations.  Prior  to  atlministration  of  injection 
solutions,  the  anesthetized  rats  received  .50  mg.  gluco.se  per  100  gm.  body  weight  intra- 
Iieritoneally.  Five  minutes  later,  0.5  ml.  per  100  gm.  body  weight  of  I '^'-insulin  injection 
solution  was  administ(“red  rapidly  into  an  exposed  saphenous  vein.  The  dosage  of  crystal¬ 
line  insulin  consisted  of  0.2  unit  per  100  gm.  body  weight  in  Experiments  1  and  IV 
and  0.1  unit  per  100  gm.  body  weight  in  Experiments  II  and  III.  Radioactivity  ranged 
from  10  to  30  /ic.  p(*r  100  gm.  body  weight.  For  all  studies,  rats  were  randomly  selected 
from  the  pregnant,  post-partum  and  control  categories.  In  Experiments  I,  II  and  III, 
serial  blood  samples  were  collected  at  timed  5  minute  intervals  from  10  to  00  minutes 
after  injection.  Mixed  arterial  aiid  venous  blood  was  obtained  from  the  incised  tip  of 
the  tail,  kei)t  warm  under  an  infra-red  lamp.  In  Experiment  IV,  in  which  only  pregnant 
animals  were  employed,  rats  were  individually  sacrificed  at  20,  30,  40,  and  .50  minutes 
after  injection  by  exsanguination  from  the  aorta.  Blood  samples  were  collected  in  chilled 
(0-4°  C)  heparinized  aiul  siliconized  tubes,  plasma  was  rapidly  separated,  and  analysis 
for  I'®'-insulin  was  performed  within  4  hours  of  collection. 

Analysis  of  Plasma  for  I'^^-Insulin:  Buffer  flow  chromatography  was  utilized  to 
quantitate  the  fraction  of  radioactivity  which  remained  as  intact  I '^'-insulin  in  plasma. 
The  methods  emi)loyed  were  a  modification  of  those  described  by  Berson,  Yalow,  Bau¬ 
man,  Rothschild  and  Newerly  (3).  .\li(}Uots  of  the  fluids  to  be  tested  were  applied  in 

*  D^'-labeled  crystalline  beef  insulin  was  purchased  from  .\bbott  Laboratories,  Oak 
Ridge,  Tennessee. 

*  Crystalline  zinc  insulin  (Lot  #499(567)  assaying  25  units/mg.  was  generously  pro¬ 
vided  by  Dr.  O.  K.  Behrens  and  Dr.  C.  W.  Pettinga  of  Eli  Lilly  Company. 
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0.020  ml.  portions  onto  wide  shoots  of  Wliatinan  #3  filtor  papor  whioh  had  boon  pro" 
viously  inoistonod  with  barbital  buffor,  pH  S.(),  r,  2  =  0.05.  Thoroaftor,  ono  margin  of  tho 
filtor  i)apor  was  immorsod  in  a  dopondant  buffor  bath,  tlu^  papor  was  suspondod  hori¬ 
zontally  on  shiss  jjlab's,  and  frosh  buffor  was  pormittod  to  movo  past  tho  sitos  of  apiilioa- 
tion  by  hydrodynamio  flow  and  capillarity  for  appro.ximatoly  ono  hour  at  4®  C.  By  virtue 
of  tho  affinity  of  intact  I‘®'-insulin  for  papor,  undogradod  insulin  remains  adsorla'd  at 
tho  origin  while  tho  radioactive  products  of  degradation  move  with  tho  plasma  proteins 
to  about  4  to  fi  cm.  beyond  tho  site  of  application.  Radioactive  scans  and  radioautog- 
rai)hy  demonstrated  tho  consistent  soi)aration  of  applied  radioactivity  into  two  distinct 
zones  corresponding  to  intact  insulin  at  tho  origin  and  rlogradation  products  at  tho 
solvent  front.  In  control  studios,  with  injootion  solutions  containing  5XI0~“  to  5X10~'* 
units  insulin  per  ml.,  93%  to  95%  of  tho  I '^‘-insulin  remained  ad.'<orbod  to  tho  origin. 
Moreover,  tho  fraction  of  radioactivity  which  romainod  at  the  site  of  application  was 
not  altered  by  tho  inclusion  of  undiluted  rat  plasma.  Incubation  of  I‘*'-insulin  at  5X  10~^ 
units  ml.  in  rat  whole  blood  at  0°  C  for  four  hours  resulted  in  a  minor  increase  of  front- 
moving  radioactivity,  i.o.  from  4.0%  prior  to  incubation  to  <5.1%  after  incubation.  Incu- 


TaBLE  1.  ChAHAOTERIZATIO.V  ok  1'’‘-I.NSVLI\  niSAOl’EARAXOE  KRO.M  THE  CTRC'l'LATlOX  BY 
ORECTl’ITATIO.N  WITH  TRIOHI.ORAOETIC  AtTU  (TC.\)  VS.  CHRO.MATOGRAOH Y 


TC.\-precipitation 

Chromatography 

(mins.) 

TC.\ -insoluble  I'” 

(%  total  I‘”) 

OriginI  ”* 

(%  total  I’”) 

20 

73.1 

40.5 

30 

«0.8 

27.3 

40 

50.3 

15.5 

50 

47.0 

12.2 

bation  of  tho  same  mixture  at  37°  ('  for  3  hours,  however,  jiroducod  an  increase  to  20% 
degradation  jiroducts  thus  illustrating  tlie  need  for  jirompt  processing  of  blood  samples 
and  the  importance  of  performing  all  manipulations  at  low  tempiTatures. 

In  confirmation  of  the  findings  of  others  (3.  4),  preliminary  studies  disclosed  that 
plasma  radioactivity  couhl  not  be  eharaeterized  validly  by  jirecijiitation  with  trichlor¬ 
acetic  acid  (TC'.\).  Herein,  eo-|)r(‘cipitation  of  insulin  degradation  jiroducts  in  the  T(’A- 
insoluble  jihase  yielded  gross  over-estimation  of  the  amount  of  intact  I'^'-insulin  |)resent 
when  I’omiiarison  was  made  with  valiu's  obtained  by  the  chromatographic  method. 
Results  of  such  a  comiiarison  are  shown  in  Table  1.  It  can  be  seen  tliat  the  proportion  of 
insulin  degradation  jiroduets  inclmh'd  in  tin*  TC.V-precipitate  jirogressively  rises  as  the 
concentration  of  the  ehromatographically-measured  intact  1 ’’'-insulin  in  the  plasma 
declines.  Fractionation  of  plasma  b\-  T(’.V-preeipitation  would  thus  result  in  a  systematic 
und(‘r(‘stimation  of  the  rate  of  disaiipearance  of  l'”-insulin  from  the  plasma.  Accordingly, 
only  tile  results  obtained  with  chromatographic  resolution  of  plasma  radioactivity  will 
be  described  below. 

Measurements  of  Kndionctivity :  Measured  aliquots  of  jilasma  samples  were  assayed 
for  total  radioactivity  by  counting  in  a  well-type  scintillation  detector  with  a  sensitivity 
of  IXIO"  cpm.  11“*  fractional  contribution  of  “intact”  I'”-insulin  to  total 

radioactivity  in  th(‘se  plasmas  was  determined  by  analysis  of  the  clironiatograms.  Filter 
paper  sheets  were  dried  (110°  15  minutes)  and  divided  into  individual  strips.  Tlie 

strips  were  out  into  .segments  and  .segments  were  counted  in  glass  tubes  in  the  well-ty|)e 
detector  taking  appropriate  care  to  maintain  constant  geometry.  In  each  exix*riment, 
representative  strips  from  individual  slieets  were  cut  into  multiple  segnnmts  to  asciTtain 
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till*  localization  of  the  two  radioactive  peaks.  Thereafter,  the  remaininn  strips  were  cut 
in  half  at  the  nadir  of  activity  between  these  peaks  so  that  (piantitative  discrimination 
between  “undeRraded”  insulin  (orifjin  radioactivity)  and  “degraded”  insulin  (mobile 
radioactivity)  could  be  effected  by  simply  counting  two  segments.^  Absolute  values  for 
“undegraded”  insulin  were  thus  derived  by  multiplying  the  fraction  of  the  radioactivity 
on  the  filter-paper  strip  which  remained  at  the  origin  by  the  total  radioactivity  which 
was  present  in  the  untreatefl  aliquot  of  the  parent  plasma. 

Injection  standards  were  i)repared  at  the  time  of  individual  experiments  by  a  mock  in¬ 
jection  technique.  Total  counts  of  administered  1 ‘^'-insulin  were  determined  by  chro¬ 
matographic  resolution  of  the  radioactivity  in  these  injection  standards.  Plasma  values 
were  expr('sse<l  as  a  percemtage  of  the  administered  labeled  insulin. 

Expression  of  Results  nnd  Stntisticnl  Analyses:  By  visual  inspection  of  disapja'a ranee 
curves,  mixing  of  injected  I '^'-insulin  did  not  apjaair  to  be  comph'te  until  15  to  20  min¬ 
utes  following  administration.  Therefore,  values  obtained  jjrior  to  20  minutes  were  not 
included  in  the  determination  of  fractional  rates  of  insulin  disai)pearance.  Determination 
of  the  half-time  of  disappearance  of  1 '•'"-insulin  from  |)lasma  and  statistical  analyses 
of  these  ratt's  was  ])erform(‘d  as  follows: 

1) .  The  regression  line  for  the  log  of  the  plasma  eoncentration  of  I''"-insidin  on  time 
(minutes)  was  fitted  by  least  squares  for  each  individual  animal,  utilizing  the  20-50 
minute  values  only.  From  th(‘se  analyses,  the  half-time  disap)M‘arance  of  I ‘^'-insulin  from 
the  circulation  (t-j  minute)  was  obtained  for  each  animal  and  the  mean  t^  was  calculated 
for  each  group  in  individual  experiments. 

2) .  In  each  experiment,  the  correlation  coefficient  (r)  of  log  plasma  I '"-insulin  con¬ 
centration  versus  time  in  minutes  was  obtaiiu'd  for  each  animal  and  the  mean  (r)  was 
calculated  for  each  group. 

3) .  The  significance  of  the  tlift'erences  in  rates  of  jdasma  disapi)earance  of  I  ""-insulin 
among  the  various  groups  in  individual  experiments  was  detc'rmiru'd  by  analysis  of 
variance  (5,  (5).  In  this  treatment  of  the  data,  the  variance  due  to  regression  within 
groups  was  eompared  to  the  variance  between  groups.  It  should  be  noted  that  such  an 
analysis  comi)ares  only  slopes  and  is  not  influenced  by  the  placement  of  the  intercept  on 
the  ordinate  axis. 


RESULTS 

1.  Plasma  Disappearance  of  P®'-Insulin  Followina;  Single  Injection: 
Kesults  are  summarized  in  Table  2.  In  Experiments  I,  II  and  III,  animals 
were  studied  with  multiple  .serial  blood  samples  whereas  in  l^xperiment  IV, 
rats  were  killed  at  20,  dO,  40  and  oO  minutes  following  administration  of 
I '•■"-insulin.  In  Experiments  I,  II  and  III,  the  correlation  coefficient  (r)  for 
log  I'^'-insulin  versus  time  in  oA  of  58  animals  exceeded  (  — )  0.0  and  in  no 
in.stance  was  below  (  — )  0.7.  In  lOxperiment  IV,  r  was  (  — )  0.0840.  The 


®  .\t  the  level  of  radioactivity  employed  in  these  studies,  such  resolution  was  entirciv 
satisfactory  when  “undegraded”  insulin  eonstituted  more  than  5  to  10  per  cent  of  the 
total  radioactivity  in  i)lasma  specimens.  Below  this  level,  the  variabh*  minor  adsorbance 
of  raflioactive  degradation  products  to  paper  along  the  path  of  migration  between  the 
two  peaks  introduced  significant  error  intp  .estimates  of  insulin  concentration.  There¬ 
fore,  it  was  felt  that  i)lasma  specimens  obtained  more  than  fifty  minutes  following  the 
administration  of  I '•'"-insulin  to  rats  exceeded  the  resolving  i)ower  of  the  chromato¬ 
graphic  techni(]uc  since  beyon<l  this  time,  the  percentage  of  I'-'"  at  the  origin  was  often 
below  \0%. 
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mean  correlation  coefficients  for  each  group  are  giv  en  in  Table  2.  In  most  of 
the  rats,  the  logarithmic  decrement  of  plasma  r®'-insulin  conformed  closeh' 
to  a  straight  line  in  that  r,  calculated  with  a  small  number  of  points  (5-6) 
for  each  animal,  was  uniformly  high.  Thus,  the  disappearance  of  I‘®*-insulin 
from  the  circulation  of  individual  animals  conformed  to  first-order  reaction 
kinetics  during  the  20  to  50  minute  interval  following  insulin  administra¬ 
tion. 

Mean  half-time  values  for  the  20  to  50  minute  slopes  in  the  control  ani- 


Tablk  2.  Half-time  ok  disai*i*earaxce  ok  plasma  I'^'-ixsi  lin  kollowixg 

ADMIXISTKATIOX  BY  SIXGLE  IXTRAVEXOI  S  IXJECTIOX  TO  XOX- 
PREGXAXT,  PREGXAXT  AXI)  POST-PARTI  M  RATS 


Ex,.. 

I )().>!(>  insulin 
(units/ 100 
gms.) 

(iron,)* 

Xo.  of  rats 

t  1/2 
(in  mins.) 

(-)r±Se*** 

I 

0.2 

Xon-|)rcg. 

0 

20 . 1 

0.082  ±  .018 

Pregnant 

8 

1 0 .  n 

0.041  +  .008 

Post-partum 

4 

10.8 

0.088  ±  .008 

II 

0.1 

Xon-j.reg. 

12 

21  .0 

0.082+  .025 

Pregnant 

0 

15.4 

0.075+  .008 

Post-partum 

7 

18.0 

0.080  ± .005 

III 

0.  1 

Xon-j.reg. 

20.8 

0.028+  .028 

Pregnant 

0 

15.5 

0.008+  .018 

IV 

0.2 

Pregnant 

14** 

14.1 

0.0840 

*  Xon-prognaiit:  Control  rats  matphod  by  weight  and  parity  to  the  experimental  animals 
at  the  time  of  mating. 

Pregnant:  21  days  following  timed  mating. 

Post-partum:  1-8  hours  following  timed  parturition. 

**  8-4  animals  killed  at  each  of  4  intervals  after  injection  (see  text). 

***  Correlation  coefficient  (Mean±SK)  of  log  plasma  I”'-insulin  vs.  time. 


mals  of  l^xperiments  I,  II  and  III  were  20.1,  21.6  and  20.S  minutes  respec¬ 
tively.  In  each  experiment,  the  fractional  rate  of  in.sulin  disappearance  was 
accelerated  in  the  pregnant  group.  Thus,  mean  values  for  insulin  half-time 
in  the  pregnant  animals  of  Experiments  I,  II  and  III  were  16.5,  15.4  and 
15.5  minutes  respectively  and  similar  to  the  value  of  14.1  minutes  deriv  ed 
by  the  different  technique  of  Experiment  IV.  Shortly  following  expulsion  of 
the  conceptus,  insulin  turnover  returned  toward  normal  values.  Half-times 
for  plasma  insulin  disappearance  in  animals  1-8  hours  after  parturition  in 
Experiments  I  and  II  av’eraged  19.8  and  18.9  minutes  respectiv^ely. 

The  statistical  significance  of  the  differences  in  rates  of  disappearance  in 
the  various  experiments  was  tested  by  analysis  of  variance  and  the  re.sults 
of  these  analyses  are  summarized  in  Table  .4.  In  ICxperiments  I  and  II, 
where  three  groups  were  analyzed,  the  non-pregnant  and  post-partum 
groups  did  not  differ  significantly.  These  two  groups,  however,  were  signifi¬ 
cantly  different  from  the  pregnant  group  in  each  experiment.  In  the  three 
non-pregnant  and  six  pregnant  animals  which  were  employed  for  Experi¬ 
ment  III,  the  mean  values  for  t  \  (Table  2)  conformed  to  the  earlier  find- 
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ing.s  although  statistical  significance  was  not  achieved  hy  virtue  of  the 
small  control  population  (Table  R). 

Data  from  all  of  the  experiments  have  been  pooled  for  summary  presen¬ 
tation  in  Figure  1.  To  eliminate  variation  due  to  dilution  and  body  size,  all 
of  the  values  for  individual  animals  have  been  related  to  the  20  minute 
plasma  concentration  of  P^'-insulin  set  arbitrarily  at  100.  The  mean  t  ^  for 
24  non-pregnant,  87  pregnant  and  11  post-partum  rats  were  20.8,  1-5.4  and 
19.4  minutes  respectively. 


Table  Statistical  assessment  ok  dikkerexces  in  hate  ok  plasma  ihsappearance 

OK  I'®'-IXSrLIX  BY  ANALYSIS  OK  VARIANCE* 


Kxpor- 

Source  of  variation 

df 

Sum  of 

Mean 

K 

p 

imont 

siiuiires 

s<|\iar(‘.s 

1 

Total 

S4 

4.81)77 

Regros.-iions 

21 

:i .  7:422 

Mean  Regressions 

1 

:4..5:4,')() 

Between  Regressions 

2 

0.()().528 

Ikdween  Xon-pregnant  and  Post-partum 

T 

0.00010 

0.00010 

.  1:47 

»  .05 

Between  Xon-pregnant  -f  Post-partum 

and  Pregnant 

1 

0.00.520 

0.00.520 

8.0:4 

<  .01 

Difference  within  groups 

18 

0.i:4141 

0.007:40 

Krror  (not  due  to  regression) 

(>:{ 

0.0008 

0.0001.50 

II 

Total 

140 

:4.8:410 

Regressions 

28 

:i .  7200 

Mean  Regressions 

1 

:4.5747 

Between  Regressions 

2 

0.05104 

BetwiK'ii  Xon-pregnant  aiid  Po.st-partum 

T 

0.001.52 

0.00152 

.404 

»  .05 

Between  Xon-pregnant  +  Post-partum 

and  Pregnant 

1 

0.0.5040 

t).  0.5040 

1:4.4 

<  .01 

Difference  within  groups 

25 

0.00:404 

0.00:47.58 

Hrror  (not  due  to  regression) 

112 

0.0171 

0.0001.5:4 

III 

Total 

45 

1 .8802 

Regressions 

0 

1 .8522 

Mean  Regressions 

1 

1 .8002 

<0.1 

Between  Regressions 

1 

0.0170 

0.0170 

4.. 58 

>0.05 

Differences  within  groups 

7 

0.0200 

0.00:4714 

Krror  (not  due  to  regression) 

Mi 

0.0080 

0.000222 

*  .Analysis  iicrforincd  on  the  variance  iliie  to  regression  of  log.  ])lasnia  I'^'-insulin  on  time. 


2.  Distribution  of  Total  Radioactivity:  Despite  the  rapid  di.sappearance 
of  I'®'-insulin  from  plasma,  there  was  a  relatively  slow  decline  of  total 
plasma  I‘*',  i.e.,  degraded  plus  undegraded  insulin.  Kxpre.s.sed  as  per  cent  of 
the  20  minute  plasma  concentration,  the  50  minute  concentrations  of  total 
in  all  experiments  averaged  94.5  ±2. S,**  87.1+4,8®,  and  91.2 +4. ,5®  in 
non-pregnant,  pregnant  and  post-partum  rats  respectively.  The  relative 
constancy  of  total  radioactivity  in  plasma  suggested  that  the  bulk  of 
radioactive  insulin  disappearing  from  plasma  was  being  rapidly  returned  to 
the  circulation  as  products  of  degradation  (7),  rather  than  being  secpie-s- 
tered  in  tissue  sites. 


"  .Moan  +  Standard  error. 
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To  'locuineiit  the  possibility  of  slow  traiisj)l.‘K*eiital  ecpiilihration  of 
insulin  with  fetal  fluids,  aliquots  of  maternal  plasma,  fetal  plasma,  amni- 
otic  fluid,  the  placentas  and  the  fetuses  were  concurrently  analyzed  for  total 
radioactivity  in  l^xperiment  IV.  The  results  are  depicted  in  Fifiures  2  and 
d.  At  all  intervals,  a  large  gra<lient  existed  between  maternal  and  fetal 
plasma  for  total  (Fig.  2).  .\mniotic  fluid  contained  negligible  although 
detectable  (piantities  of  radioactivity. 

.Vlthough  the  pooled  fetuses  constituted  an  average  of  of  Tlie  mater¬ 
nal  body  weight,  they  contained  less  tiian  2%  of  the  total  injected  radio- 


OOSE  1-2  units/ Kg. IV  CLUCOSE  SOOmg/Kg.ip  PLASMA  ASSAY  Chranmoviipny 


MINUTES  AFTER  INJECTION 


Fig.  I.  Plasma  disapixairaiico  of  I'^'-insulin  in  non-prcfinant,  iin'fEnant  and  post¬ 
partum  rats:  'I'lic  plasma  concentrations  of  ['•'"-insulin  at  each  interval  after  injection 
\v('re  (‘xjiressed  as  jiercentanes  of  tin*  20-minut*‘  l•oncentration  and  plotte<l  on  a  loKa- 
rithmic  scale  versus  time.  All  of  tlu'  individual  jdasma  values  of  the  four  exiieriments 
an'  illustrated.  For  details,  see  text. 


activity  after  oO  minutes  (Fig.  d).  liven  lower  values  were  observed  at 
the  earlier  intervals.  The  pooled  placentas,  which  constituted  an  average  of 
1.9%  maternal  body  weight,  contained  1.4d,  l.')4,  2.0.)  and  2. 10%  of 

the  injected  radioactivity  at  20.  :10,  40  and  .'>0  minutes  respectively  (Fig. 
d).  Thus,  the  intrauterine  radioactivity  was  insufficient  to  account  for  the 
accelerated  rate  of  disappearance  of  I'-*'-insulin  from  the  maternal  circula¬ 
tion.  More  detailed  characterization  of  the  nature  of  the  fetal  radioactivity 
is  currently  in  progress. 

DISC  T'SSIOX 

In  tlie  jiresent  studies,  f'*‘-labeled  insulin  was  administered  by  single 
injection.  Its  disappearance  from  the  circulation  was  employed  to  assess  the 
metabolic  disposition  of  insulin  in  the  normal  and  pregnant  rat.  Certain 
ba.sic  assumptions  are  intrinsic  to  such  measurements  of  turnover  by  i.so- 
tope  dilution. 
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dose:  1.6  units/ Kg. ,i.v.  GLUCOSE  ;  500  tng./ Kg.,  i.p.  ASSAY  ;  Total  I 


10  20  30  40  50 

MINUTES  AFTER  INJECTION 


Fig.  2.  The  concentration  of  total  radioactivity  (ilc^radcd  plus  undcfjiradcd  1 
insulin)  in  maternal  jdasma,  fetal  jilasma  aiul  amniotic  fluid:  The  three  fluids  were  ob¬ 
tained  from  21-day  iircfjnant  rats  saerifteed  at  four  intervals  aftiT  intravenous  adminis¬ 
tration  of  [‘^'-insulin. 

dose:  1.6  Units /Kg.,  i.v.  GLUCOSE:  500  mg./Kg.,  i.p.  ASSAY;  Total  I'*' 


MINUTES  AFTER  INJECTION 


Fig.  3.  The  total  radioactivity  (degraded  plus  undeKraded  I'^'-insulin)  contained  in 
the  pooled  idaeentas,  jiooled  fetuses,  and  total  amniotic  fluid:  21-day  iirennant  rats 
were  .sacrificed  at  four  intervals  after  intravenous  administration  of  I '•'"-insulin  and  the 
tissues  were  analyzed  Tor  total  radioactivity.  The  heights  of  the  bars  denote  the  mean 
values  derived  from  three  rats  sacrificed  at  each  interval. 
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1.  The  labeled  material  shoidd  be  administered  in  tracer  quantities  and  not 
disrupt  equilibrium  conditions:  This  ideal  cannot  be  fully  approached  with 
r**-insulin.  Truly  tracer  conditions  are  precluded  by  the  specific  activity  of 
the  available  preparations.  However,  the  fact  that  similar  results  were 
obtained  in  the  present  experiments  at  dosage  schedules  of  0.1  as  well  as  0.2 
unit  of  insulin  per  100  gm.  and  at  various  levels  of  blood  sugar,  would 
diminish  the  likelihood  that  the  findings  were  influenced  by  saturation  of 
insulin-degrading  mechanisms  or  variations  in  endogenous  levels  of  insulin 
(8,  9). 

2.  The  label  should  be  fulhj  mixed  throughout  a  virtual  volume  of  distribu¬ 
tion  of  unlabclcd  material:  As  yet  not  published  evidence  has  accrued  that 
this  objective  can  be  realized  completely  with  r''"-insulin.  Anatomical 
boundaries  for  the  virtual  volume  of  distribution  of  endogenous  insulin 
have  not  been  defined  and  it  is  not  known  whether  pancreatic  stores  of 
hormone  participate  in  free  exchange  (10).  Moreover,  the  precise  nature  of 
circulating  endogenous  in.'^ulin  has  not  been  fully  elucidated,  nor  has  it  been 
established  whether  a  portion  of  extrapancreatic  insulin  exists  in  associa¬ 
tion  with  plasma  or  cellular  proteins  in  complexes  of  varying  di.stribution 
characteristics  (11).  Finally,  it  would  .seem  doubtful  whether  .sustained  di.s¬ 
tribution  equilibrium  can  ever  be  achieved  by  a  single  injection  of  a  com¬ 
pound  which  equilibrates  slowly  but  is  removed  rapidly  from  its  distribu- 
tribution  compartment  (12).  Indeed,  perfusion  studies  with  F^'-insulin 
would  .suggest  thst  vascular  delivery  may  be  one  of  the  major  determinants 
of  insulin  removal  (18,  14). 

In  the  pre.sent  experiments,  as  in  all  the  published  reports  of  others  (8,  4, 
7-9,  14- lb),  the  rapid  decline  of  plasma  I*'" -insulin  precluded  prolonged 
ob.servations.  Thus,  a  twenty-minute  interval  was  arbitrarily  selected  for 
mixing  of  labeled  throughout  the  “insulin  space”  and  metabolic  observa¬ 
tions  were  conducted  during  the  subsequent  thirty  minutes  in  which  ac¬ 
curate  analytical  re.solution  of  plasma  radioactivity  was  possible.  The  fact 
that  all  serial  plasma  values  for  any  single  animal  could  be  projected  onto  a 
.single  exponential  after  twenty  minutes  would  suggest  but  does  not  prove 
that  nearly  complete,  if  not  complete,  mixing  had  been  effected. 

8.  The  rate  of  disappearance  of  label  from  the  circulation  after  mixing  is 
complete  reflects  the  integrated  rate  of  disposition  of  unlabeled  material  from  all 
portions  of  the  distribution  compartment :  More  generalized  considerations 
underlying  this  premise  have  been  considered  in  detail  elsewhere  (17).  In 
the  present  .studies,  the  precipitous  decline  in  plasma  I'^'-insidin  was  ac¬ 
companied  by  relatively  minor  changes  in  total  plasma  radioactivity.  This 
would  indicate  that  disappearance  from  the  plasma  coincided  with  delivery 
of  hormone  to  the  tissues,  cellular  degra<lation  of  hormone  and  re-entry  of 
degradation  products  into  the  circulation  (4,  7).  It  woiiUl  not  be  compatible 
with  delayed  mixing  in  slowly  exchanging  portions  of  the  “insulin  space” 
nor  with  focal  .sequestration  of  intact  hormone.  In  addition,  the  manifestly 
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rapid  rate  of  disappearance  of  iiorinone  from  the  plasma  is  consistent  with 
the  known  evanescent  action  of  exogenously-atlministered  insulin.  Xone- 
thele.ss,  although  mounting  evidence  would  support  the  use  of  I'^'-insulin  as 
a  valid  tracer  for  insulin  (18,  19),  the  re.servation  must  still  he  voiced  that 
during  applications  in  vivo,  I'®*-insulin  represents  a  protein  derived  from  a 
heterologous  species  which  has  been  subjected  to  minor,  albeit  definite 
structural  modifications  by  the  introduction  of  iodine  (20). 

It  is  within  this  framework  that  the  pre.sent  observations  must  be  pro¬ 
jected.  Data  have  been  presented  to  indicate  that  the  fractional  rate  of 
turnover  of  I'^'-insulin  is  significantly  accelerated  it»  the  pregnant  rat. 
Half-time  for  plasma  disappearance  in  control  animals  averaged  20.8 
minutes,  .so  that  8.88  per  cent  of  the  exogenously  administered  insulin  was 
removed  from  the  “insulin  space”  of  the  normal  rat  per  minute.  On  the 
other  hand,  in  the  21-day  pregnant  rat,  half-time  for  fractional  turnover 
averaged  15.4  minutes  so  that  85  per  cent  more  of  the  labeled  insulin  was 
removed  per  minute.  Although  hemodynamics  differ  considerably  in  the 
two  groups,  direct  analy.ses  of  fetuses  for  total  radioactivity  excluded  the 
possibility  that  the  accelerated  removal  of  insulin  from  the  maternal  circu¬ 
lation  merely  represented  a  delayed  transplacental  ecjuilibration  of  I'*'- 
insulin  with  fetal  fluids.  Moreover,  .since  similar  techni(|ues  were  employed 
for  pregnant  and  non-pregnant  animals,  any  methodological  limitations 
should  apply  e(|ually  to  both  groups.  Finally,  the  pregnancy  findings  were 
re.stored  to  normal  within  1  to  8  hours  following  expulsion  of  the  conceptus. 
Thus,  it  would  appear  that  the  accelerated  fractional  turnover  of  I'^'- 
in.sidin  in  the  21-day  pregnant  rat  constitutes  a  real  phenomena  which  is 
temporally  correlated  with  the  presence  of  the  conceptus. 

Transformation  of  fractional  turnover  data  into  absolute  (piantities  of 
insulin  requires  estimation  of  “the  exchangeable  insulin  pool”  (i.e.,  “insulin 
space”  in  mililitersX insulin  concentration  in  units  per  milliliter)  None  of 
the  prerequisite  information  for  .such  tran.sformation  is  available.  First,  the 
authors  do  not  believe  that  estimates  of  insulin  space  by  extrapolation 
techniques  are  justified  in  view  of  the  rapid  disappearance  of  labeled  insulin 
from  the  circulation  and  the  possibility  of  “disproportionate  sampling” 
(21)  during  the  mixing  period.  Secondly,  the  authors  are  unfamiliar  with 
any  bioassay  mea.surement  of  the  concentration  of  circulating  insulin  in  the 
pregnant  rat.  For  the  moment,  therefore,  attempts  to  assign  precise  (pianti- 
tative  dimen.sions  to  the  pre.sent  findings  must  be  deferred.  However,  the 
experiments  do  afford  evidence  that  the  diminished  responsiveness  to  in- 
.sulin  in  pregnancy  (22)  is  accompanied  by  alterations  in  the  metabolism  of 
exogenous  insulin.  As  such,  the  results  differ  from  the  findings  in  animals 
rendered  resistant  to  in.sulin  by  the  exhibition  of  .such  contra-insluin  factors 
as  glucocorticoids  (8).  The  present  observations  reinforce  t!ie  postulate  that 
alterations  in  the  degradation  of  insulin  may  contribute  to  the  diabetogenic 
challenge  of  pregnancy  (1,  2).  Indeed,  the  temporal  correlations  between 
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accelerated  insulin  turnover  and  the  presence  of  the  conceptus  support  the 
thesis  that  the  conceptus  itself  (1,  2)  may  he  implicated  in  the  gestational 
changes  in  insulin  economy. 
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NOTES  AND  ('O.MMENTS 

RELATIVE  SEXSrnVITY  OF  ADRENAL  ASCORBIC  AC'ID  AND 
CORTICOSTEROID  RESPONSES  TO  AC'TH  IN  THE  RAT'  ^ 

ABSTRACT 

Adrciitil  ascorbic  aciil  (AA)  ticplctioii  and  release  of  corticosterone  (diderinineil 
chromatoKi’ni)hically)  into  the  adrenal  venous  effluent  of  the  hypophysectomizeil 
rat  were  equally  sensitive  to  intravenously-adniiiustered  ACri'll.  Sinnificant 
responses  were  obtained  with  0.37  mu  ACTH  two  days  post-hypophysectoniy 
in  young  male  rats.  Both  indices  had  similar  doso-resi)onse  relationships  over  the 
I’ange  of  0.37  to  3.0  mu  ACn’H  although  the  steroid  rc'sponse  was  more  variable 
than  that  of  AA,  ])robably  as  a  result  of  the  greater  error  involv<‘d  in  corticosterone 
measurement  by  the  chromatographic  technicpie.  Neither  response  was  capable  of 
differentiating  accurately  small  dose  increments  above  3.t)  mu  .\(’TH,  even  though 
the  two  responses  svere  not  maximal  at  that  point. 

Previous  investigations  (1)  revealed  a  dichotomy  between  stress-induced  depletion 
of  adrenal  ascorbic  acid  (AA)  and  release  into  tlu'  adrenal  venous  clfitient  of  cortico¬ 
sterone  (detcumined  chromatographically)  in  rats  with  electrolytic  lesions  in  different 
parts  of  the  hyj)othalanius.  Among  possible  explanations  for  this  plienomenon  was  the 
existence  of  threshold  differences  in  these  responses  to  alterations  in  the  circulating 
level  of  ACTH  (cf.,  2,  3,  4).  Accordingly  studies  w(‘re  made  of  the  differential  sensitivity 
of  these  two  adrenal  responses  to  varying  doses  of  ACTH  in  hyi)ophysectomized  rats. 

METHODS 

Male  Sprague- Da wlcy  rats,  weighing  125-150  gm.,  wer<“  hypophyscctomizcd  and  then 
maintained  at  78°  on  groinid  Purina  laboratory  chow  and  tap  water  containing  5%  glucose 
and  0.9%  NaCl.  Forty-eight  hours  latc'r,  the  right  adrenal  gland  was  removed  under  Nem¬ 
butal  anesthesia  for  determination  of  initial  (pr(‘-.\C'TH)  adrenal  \\.  Immediately  there¬ 
after,  the  animal  was  heparinized  ami  the  left  renal  vein  cannulated  (2).  .\CTH  (I’SP  Refer¬ 
ence  Standard  Corticotropin)  dissolved  in  normal  saline  was  injected  into  the  femoral  vein 
and  the  adrenal  vcuious  effluent  collected  for  45  minutes  in  iced  tubes  j)rotected  from  light. 
The  left  adrenal  was  tlnui  removed  for  analysis  of  post-.\C'TH  adrenal  was  <“stimated 

by  the  Ro(‘  and  Kuether  methoil  (5).  ICach  corticosterone  measurement  was  carried  out  on 
the  j)ooled  adrcTial  venous  effluent  from  4  rats  by  a  combined  chromatographic  and  photo¬ 
metric  procedure  ])reviously  d<‘scribed  ((>). 

RESCLTS  AND  DISCFSSION 

Significant  alterations  in  both  adrenal  .\.V  and  corticosterone  .secretion  wen'  ob¬ 
tained  with  0.37  mu  .\CTH  p<‘r  rat  (Table  1).  The  effective  range  for  differentiating 
small  increments  in  ACTH  appeared  to  be  similar  for  both  resjxmses  (i.e.,  0.37  to  3.0 
mu  ACTH).  Larger  doses  of  .\CTH,  however,  were  cajtable  of  evoking  even  greater 
responses  (cf.,  also  2).  The  corticosterone  response'  ajtjtean'd  to  be  more  variable  than 
the  .\.V  resjtonse  (e.g.,  compare  significance  of  response  differentials  between  0.37  and 
O.oO  mu  .V(’TH).  This  appan'nt  difference  was  jtrobaltly  due  to  the  greater  error  involved 
in  the  corticosterone  assays. 
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1.  Kefect  e)F  .\CTH  i)e)s.\GE  ox  .xdrenal  .xsceiRBir  .xe-in 
.\NI)  corticosterone  REI.E.XSE  IXTe)  THE  .XDREX.XL  VE.\e)l 
ekfli  ent  ok  hypophysectomized  r.\ts* 

DEPLETION* 

ACTH,  ml* 

.\elre*nal  ase*< 

Initial, 
)xg./100  mg. 

>rl>ic  ae*iel 

Final,  t 
%  drop 

Ceerticostereuie* 

se*cre*te*el,tj 

.\elrenal  veneuis 
bleeeiel  fle)W,t 
ml. 

None* 

445+  7 

2  +  1 

<1 

2.0+0. 1 

0.25 

4.55+  7 

4+2 

<1 

1  .7+0.3 

0.37 

487  +  10 

11+1 

2.1  +0.3 

1  .6+0.1 

0.50 

472  +  12 

15  +  1 

3.0 +0.5 

1  .8+0.2 

1  .0 

4(59+  9 

24  +  1 

3. 5+0. 4 

1  .6+0.1 

3.0 

4(58+  8 

32  +  1 

(5. 9+0. 7 

1  .7+0.2 

6.0 

482+  13 

33+2 

8.6+1  .8 

1  .7+0.1 

15.0 

4.5(5  ±  8 

38  +  2 

8.2  + 1 .4 

1 .4  +0.2 

*  48  hours  p()st-liyj)oi>hys(‘ctomy ;  1(5  rats  in  each  Kroiip,  except  <‘ontrol  uro'ip  I-- 
suits  expresseci  as  mean  ±S.K. 

t  Analyses  made  45  minutes  after  AC’TH  injection. 

t  Based  on  analyses  of  jmoled  adrenal  venous  effluent  from  4  rats  per  pool;  4  pools  at 
each  do.se,  except  '-i  in  control  t;roup. 


Apitarently  conflicting  evidence  has  been  presented  by  other  investigators  regarding 
the  dilTerential  sensitivity  of  the  adrenal  .\.\  and  corticosteroid  responses  to  exogenous 
ACTH.  Tlie  variable  results  obtained  may  be  explained  on  the  basis  of  the  different  tech- 
nicjues  (unployed  for  measuring  these  responses.  Thus,  Guillemin  and  coworkers  (3) 
H'ported  that  aortal  corticosterone  levels,  measured  by  a  sensitive,  but  relatively  non¬ 
specific,  fluorimetric  i)roce<lure  (7),  were  elevated  in  hypophysectomized  rats  inject(‘d 
intravenously  with  low  do.ses  of  .VC’d'H  which  produc('<l  no  alteration  in  atlrenal  .V.\. 
Howev*'r,  Lipscomb  and  Xelson  (4)  recimtly  noted  that  under  similar  exj)erimental 
conditions  the  release  of  A.\  into  the  adrenal  venous  effluent  preceded  the  rtdease  of 
fluorimetrically-determined  cortico.sterone  into  the  effluent  (cf.,  also  2).  These  apparently 
diverg(‘nt  results  may  be  explaiiu'd  in  jiart  by  the  obstTvation  of  Munson  and  Toepel 
(8)  that  .V.\  release  is  a  more  sensitive  measure  of  .\CTH  in  the  rat  than  .\.\  <lepletion. 
The  results  of  the  present  study  agree  with  tho.se  of  Li|)seomb  and  Xelson  (4).  and  sug- 
g(‘st  that  both  adrenal  indices  are  ecjually  responsive*  to  .\C'TH,  although  the  time 
seejuenee  of  thi'ir  response  may  be  different  (2,  4). 

On  the  basis  of  the  results  obtained  in  this  investigation  it  would  apjeear  unlikely 
that  the  dissociation  earlier  observe'd  (1)  b(*tween  adrenal  .\.\  and  corticosterone  re¬ 
sponse's  te)  stre'ss  in  rats  with  hypeethalamic  le*sions  can  be  ascribeel  tee  an  inherent  eliffer- 
e‘nce  in  the*  re'speensiveiu'ss  e»f  these*  twe>  inelie*e*s  te)  ACTH.  It  is  peessible,  however,  that  the 
se*nsitivity  of  aelrenal  \\  anel  ste*re)iel  re*sponse*s  to  .VCTH  may  be*  eliffe*re*ntially  alte*re*el 
by  hype»thalamie*  damage*,  re*sulting  in  the*  elissociation  note*el. 
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THYROID  UPTAKES  BY  HUMAN  BEINOS  FOLLOWING  ORAL 
AD.MINISTRATION  OF  DIFFERENT  D’*  PREPARATIONS' 


AHSTRAUT 

The  “extraneou.s  hand”  .solution.^  were  obtained  from  one-  to  two-week-old 
Na”'  solutions  by  ])aper  eliromatoKrapliie  separation  and  elution  procedure  de¬ 
scribed  earlier.  Fresh  solutions  of  NaP®'  which  contain  over  90%  of  the  radioactivity 
in  the  NaP®'  band  were  used  for  studies  with  NaP®'.  Effect  of  pH  3.0  on  the  stability 
of  the  NaP^'  solutions  and  of  the  ‘'extraneous  band”  solutions  was  studied.  The  re¬ 
sults  show  that,  at  pH  3.0,  about  !10%  of  the  “extraneous  band”  is  converted  to 
NaP’*  band  within  ten  minut<“s.  Studies  on  the  uptake  of  orally  administeied  NaP®' 
solution  or  the  “extraneous  band”  solution  by  human  thyroid  ('lands  indicate  the 
same  uptake  of  tlu'  XaP”  solution  as  compared  to  the  “extraneous  baiul”  solution. 

Filter  paper  chromatography  with  various  solvent  systems  shows  tlie  presence  of 
several  components  in  aged  solutions  of  NaP'"  (1).  .\n  “extraneous  band”  which  moves 
slightly  faster  than  the  NaP”  band  has  been  isolated  by  paper  chromatographic  sepa¬ 
ration  and  elution  procedure  as  described  earlier  (1).  Intra peritoneal  injection  of  one 
microcurie  of  NaP^'  solutions  in  day-old  chicks  showi'd  (10%  of  the  injected  radioactivity 
collected  in  the  thyroid  gland;  however,  injection  of  one  microcurie  of  “extraneous 
band”  .solution  gave  only  20%  uptake  by  the  thyroid  gland  (1,  2). 

The  present  report  concerns  the  uptake  of  orally  administered  Nal'^'  solution  or  the 
“extraneous  band”  solution  by  thyroid  glands  of  human  beings.  Preliminary  studies  are 
conducted  on  the  effi'ct  of  pH  3.0  on  the  stabilitj’  of  Nal''”  and  of  the  “I'xtraneous  band” 
solution. 

METHODS 

Isolation  of  the  ‘'Extraneous  Hand" 

The  “extraneous  band”  solutions  were  isolated  from  NaP”  solutions*  liy  filter  paper  chro¬ 
matographic  separation  and  elution  jirocedure  reported  earlier  (D.  Fresh  solutions*  of 
Nap*'  showing  90%  of  the  radioactivity  in  the  NaP*'  band  w»*re  used  for  thyroiil  uptake 
studies  with  NaP*'. 

Effect  of  pH  on  the  Stabililg  of  .Vo/'*'  or  the  ‘‘Extraneous  Hand"  Solution.'< 

.\n  aliquot  of  a  one  week  old  NaP*'  solution.s*  was  chromatographed  with  n-biitanol 
saturated  with  3N  NH4DH  and  radio-autographed  in  order  to  determine  the  percentages  of 
radioactivity  in  the  N.\P*'  band  and  the  “extraneous  band”  (2).  This  solution  was  adjusted 
to  pH  3.0  and  stored  at  22°  C.  .\liquots  were  withdrawn  at  10,  30,  00,  tlO  and  120  minutes, 
adjusted  to  pH  7.0,  chromatographed  and  radioautographed.  The  percentages  of  the  original 
railioactivity  present  in  the  “extraneous  band”  and  the  NaP*'  band  were  then  determined 
by  cutting  the  bands  and  counting  the  radioactivity  on  the  strips  using  a  well  counter. 

Uptake  Studies  on  Human  Thyroid  Gland 

Thyroid  uptakes  were  obtained  by  measuring  gamma  emission  with  a  3-inch  sodium 
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iodide  scintillation  crystal  couj)lcd  to  a  DuMont  t>3!(3  ])hotonuilti|>licr  tuhc.  I’ulscs  corre¬ 
sponding  to  the  D”  3ti7  kev  photopeak  \v(‘re  fed  through  a  spectrometer  to  a  rate  meter.  .Ml 
measurements  were  made  at  a  skin  distance  of  lo  cm.  from  the  crystal,  where  the  hackground 
(al)out  150  cpm)  was  equivalent  to  0.03  microeurie.  In  all  cases,  the  I**'  do.scs  administereil  to 
patients  were  ndated  to  I”'  standards,  and  the  measurements  in  the  patients  were  also  related 
to  these  same  standards.  The  standards  were  measured  in  a  Incite  phantom  simulating  the 
neck. 

The  procedure  was  as  follows;  On  the  first  day  a  precount  was  made  on  the  subject’s  thy¬ 
roid  to  insure  that  there  was  no  radioactivity  present.  The  first  do.se  of  1  tiV.  or  0  ixc.  of  Nal*’* 
solution’  was  given  orally  and  the  thyroid  uptake  was  determitied  24  hours  later.  The  uptake 
was  ecpial  to  the  radioactivity  in  microcuries  found  in  the  thyroid  minus  the  radioactivity 
found  in  the  thigh  (a  correction  for  extrathyroidal  I”'  contain»‘d  in  the  neck).  Then,  the 
st‘Cond  dose,  ten  times  larger  than  the  first  dose,  of  isolated  “extraneous  baud’’  solution  was 
given,  and  24  hours  later  tin-  uptake  was  determined  again.  The  net  uptake  was  <letermined 
by  subtracting  the  residual  radioactivity  found  after  the  first  24  hours  from  the  gross  radio¬ 
activity  found  in  the  thyroid. 


KKSULTS  .\X1)  DISCUSSION 

The  results  on  the  effect  of  |)H  3.0  at  room  temperature  on  tin-  stability  of  the 
"extraneous  band”  solution  ami  of  the  Nal”'  .solution  are  jtresented  in  Fi^.  1.  An 
aliquot  of  a  one  week-old  Nal'”  solution'^  which  contained  about  40%  of  the  total  radio¬ 
activity  in  the  “extraneous  band”  and  00%  in  the  Nal'”  band  was  stored  at  pH  3.0 
for  different  time  intervals.  It  is  apparent  from  the  results  in  P'ig.  1  that,  after  10  minutes, 
almost  90%  of  the  radioactivity  of  the  “extraneous  band”  is  converted  to  the  Nal”* 
band.  Following  30,  00,  and  90  minutes  at  j)H  3.0,  then-  is  a  gradual  destruction  of  the 
radioactivity  of  the  NaD”  band  which  becomes  more  significant  between  90  and  120 
minutes.  Thus,  at  the  eml  of  120  minutes  there  is  oidy  57%  of  the  total  radioactivity 


Fig.  1.  Effect  of  pH  3.0  on  the  stability  of  Nal'^'  solutions  and  of  the  “extraneous 
band”  solution. 

\  one  week  old  Nal'”  solution’*  which  was  found  to  contain  40%  of  its  radioactivity 
in  the  “extraneous  band”  and  00%  in  the  Nal'”  band,  was  adjusted  to  pH  3.0.  At  10, 
30,  00,  90  and  120  minutes,  aliquots  of  this  solution  were  withdrawn  in  dujjlicates,  ad¬ 
justed  to  pH  7.0,  chromatographed  and  radioautograpln-d.  The  jicrcentages  of  the 
radioactivity  in  the  “extraneous  band”  and  the  Nal'”'  band  were  determined  by  cutting 
the  bands  and  counting  the  strips  in  a  well  counter. 
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Table  1.  Ekfect  ok  orally  admimstered  kresh  soli  tioxs  ok  abbott  NAP’* 

OR  THE  ISOLATED  “eXTRAXEOI'S  BAND”  SOU  TIOXS  TKON  THE 
THYROID  I  I’TAKE  BY  IIIMAX 


24-hour 

Chsi.  1st  close  of 


24-hour 

2n(l  dose  of  I‘’‘  uptake 
(gross) 
Me. 


24-hour 

uptake* 

(net) 


Me.  % 


1 

1  M|C.  .Abbott 

0.14 

14.0 

10  MC. 

“extraiu'ous” 

1 .09 

1 .5,5 

15.5 

2 

1  mc.  .Abbott 

0.24 

24.0 

10  MC. 

“extraneous” 

2.29 

2.05 

20.5 

3 

0  .Abbott 

1  .0,5 

17. .5 

00  MC. 

“extraneous” 

10.70 

9.00 

10.0 

'  Radioactive  decay  was  taken  into  account  hy  relating  all  radioaetivitic's  to  I”*  standards. 

present  as  Nal'^'.  This  loss  of  radioactivity  could  not  be  accounted  for  by  the  appearance 
on  the  papc'r  chromatogram  of  a  hand  other  than  Nal  or  the  “e.xtraneous  band.”  How¬ 
ever,  under  the  aeidie  conditions  of  the  mi.xture,  Nal''”  may  form  HI'^'  which  in  turn 
may  be  partially  converted  to  I-.''"  in  presence  of  light  and  air. 

The  rc'sults  on  the'  thyroid  uptake  of  orally  administerc'd  Nal*'*'  solution''  or  the 
“extraneous  band”  solution  by  thn*e  human  subjects  are  jiresented  in  Table  1.  (Patients 
were  seleetc'd  who  had  no  history  of  thyroid  disease.)  It  is  apparent  from  the  results  of 
Table  1  that  in  the  three  ease's  the  thyroid  ujitakes  of  the  orally  administerc'd  “c'x- 
tranc'ous  band”  solution  were'  about  the  same  as  that  of  tlu'  Nal''"  solution.  This  is  in 
contrast  to  the  previous  rc'sults  on  chicks  (1,2)  and  rats  (3)  where  the'  thyroid  uptake's  of 
the  injected  “extraneous  band”  solution  were  found  to  be  significantly  lower  than  that 
of  the  injc'cted  Niil'^*  solution.  This  discrt'iiancy  can  be  c'xplaiiu'd  in  view  of  the  jiH 
stability  data  presented  in  Fig.  1,  where  it  is  clearly  shown  that  at  pH  3.0,  which  ajijiro.xi- 
mates  closc'ly  the  pH  of  the  stomach,  almost  90%  of  the  “extraneous  band”  is  con¬ 
verted  to  Nal'"  band  within  10  minutes  at  22°  C. 
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THE  MAINTENANC  E  OF  DIABETIC  HAMSTERS  WITH  INSCLIN* 

ABSTRACT 

A  method  is  described  whereby  the  virine  of  hamsters  made  diai)etic  with  alloxan 
could  be  maintained  sugar-free  for  indefinite  periods  of  time.  Injections  of  Wellcome 
brand  globin  insulin  with  zinc  coupled  with  intermediate  injections  of  crystalline 
insulin  initially  resulted  in  the  establishment  of  good  to  excellent  control  of  glyco¬ 
suria  within  a  period  of  a  few  days.  With  further  adjustments  in  the  dosage  of  globin 
with  zinc  insulin  the  crystalline  insulin  was  omitted  and  the  animals  were  main¬ 
tained  without  glycosuria  for  an  indefinite  period  of  time. 

Our  interest  in  the  relationship  of  miero-angiopathie  changes  in  blood  vessels  in  the 
cheek  pouch  of  the  golden  hamster  to  the  severity  and  duration  of  diabetes  required  the 
development  of  a  method  of  insulin  control  of  diabetes  in  this  animal.  Below  is  a  de¬ 
scription  of  a  method  we  found  m()st  satisfactory  in  maintaining  the  urine  of  diabetic 
liamsters  sugar-free. 

.\fter  an  overnight  fast,  male  hamsters  (tK)-lU)  gm.  body  weight)  received  70-80  mg. 
alloxan/kg.  as  a  10%  solution  in  distilled  water.  Female  hamsters  received  80-90  mg.  al¬ 
loxan/kg.  .\11  injections  were  administered  under  ether  anesthesia  by  means  of  cardiac  punc¬ 
ture.  Six  to  ten  hours  after  the  alloxan  injections  all  animals  were  force-fed  (stomach  tube) 
1-2  cc.  of  a  50%  sucrose  solution  to  counteract  hypoglycemia  which  usually  occurs  following 
intravascular  injection  of  this  compound  (1).  Twenty-four  hours  after  the  injection  of  alloxan, 
insulin  treatment  was  started,  monitored  l)y  urine  sugar  and  acetone.  Insulin  was  administered 
intramuscularly  into  the  muscles  of  the  thigh  (hamstrings)  using  aseptic  techniques. 

Urine  samples  were  collected  twice  a  day  (8:30  .\.m.  &  4:00  p..m.)  by  gently  applying 
pressure  on  the  abdomen  over  the  bladder  and  the  urine  tested  with  billy  Tes-Tape. 

RKSULT.S  .\NI)  COMMENTS 

Considerable  trial  and  error  was  required  to  arrive  at  a  proper  method  to  accomplish 
good  insulin  control  in  diabetic  hamsters.  This  was  due  in  part  to  the  restricted  eating 
habits  (6  p.m.  to  6  .\.m.)  of  this  species,  requiring  a  properly-timed  intermediate  insulin 
injection.  Protamine  zinc  (Lilly),  ultralente  (Lilly),  and  NPH,  (Lilly)  insulins  were  un¬ 
successful  because  of  their  prolonged  period  of  action  in  this  species.  Globin  with  zinc 
insulin  (Burroughs- Wellcome)  proved  to  be  most  successful.  The  procedure  used  was  as 
follows:  eight  or  nine  units  of  globin  with  zinc  insulin  was  given  to  all  diabetic  hamsters 
at  4  P..M.  on  the  day  following  the  injections  of  alloxan  (approximately  30  hours).  At  8 
.\.M.  the  following  day  (46-48  hrs.)  3  to  4  units  of  crystalline  insulin  (Lente,  Lilly)  was 
given  to  animals  which  showed  1-2%  sugar  in  their  urine  and  the  amount  of  globin  with 
zinc  insulin  given  in  the  afternoon  (4  p.m.)  injection  was  increased  one  unit.  Animals 
with  glycosuria  (2  to  2%)  at  4  p.m.  were  given  3-4  units  of  er5-stalline  insulin  and  globin 
with  zinc  insulin  (increased  by  one  full  unit  over  the  previous  dose)  by  separate  injec¬ 
tions.  .\djustments  in  the  amount  of  globin  with  zinc  insulin  coupled  with  intermediate 
injections  of  crystalline  insulin  in  the  morning  and  afternoon  resulte<l  in  excellent  control 
of  glycosuria,  non-fasting  urine  sugar  concentrations  of  0-1  10%,  within  a  week.  With 
further  adjustments  of  globin  with  zinc  insulin,  injections  of  crystalline  insulin  could  be 
omitted  and  the  animals  were  maintained  without  glycosuria  indefinitely. 

Hypoglycemia  occurred  occasionally  during  the  period  of  insulin  adjustment  and  in 
instances  in  which  animals  began  to  recover  from  the  diabetes.  This  condition  was  suc- 
e(*ssfully  overcome  by  force-fe(*ding  1-2  ce.  of  50%  sucrose  solution.  Insulin  was  withheld 
for  the  subs(‘quent  24  hours  after  which  time  the  amount  of  insulin  was  readjusted. 
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CAGE  LAYER  OSTEOPOROSIS 
ABSTRACT 

Newer  knowledge  of  the  Cage  Layer  P'atigiie  in  the  White  Leghorn  Hen  indicates 
that  genetic  rather  than  nutritional  or  endocrine  factors  are  responsible.  The  patho¬ 
logical  findings  in  tin'  skeleton  suggest  that  the  name  be  changed  to  Cage  Layer 
( )steo|)orosis. 

Wc  have  received  letters  of  iiKpiiry  about  the  tyjie  of  caging  and  possibility  of  “Cagt* 
Layer  Fatigue  ”  (CLF)  in  the  hens  described  in  our  recent  reports  {Endocrinology  66: 
377;  66:  80.5.  1900).  The  birds  were  maintained  in  standard  individual  12X10X18  inch 
battery  cages  used  commercially  for  egg  production.  Howevt'r,  we  have  seen  osteoporosis 
in  birds  that  were  allowed  to  build  a  nest  and  given  sjiace  to  exi'rcise  on  the  floor  of  a 
large  room.  While  osteoporosis  is  a  systematic  disorder  of  the  White  Li'ghorn,  and  may 
assume  a  most  extreme  form  in  “battery  hens”  with  CLP',  there  is  no  evidence  that  con¬ 
finement  in  close  quarters  is  the  cause  of  this  condition.  Our  view  is  that  the  etiology  is 
unknown,  but  the  hereditary  background  and  stress  of  heavy  egg  production  requin' 
further  investigation.  (Crist  and  Dcutsch,  Proc.  Soc.  Exp.  Biol,  and  .Med.  103:  3.5.  lOfiO). 

CLF  was  described  in  White- Leghorn  hens  by  Couch  {Feed  .\ge  5:  .5.5.  19.5,5);  no  other 
breed  has  since  been  reported  to  develop  this  condition.  Oidy  the  females  are  affected 
and  come  off  their  legs  after  a  period  of  laj  ing.  C'ouch  believed  that  recovery  occurs 
simply  by  exercise  and  removal  of  the  bird  from  individual  cages,  but  he  suggested  that 
the  basis  might  be  a  nutritional  disorder,  because  CLF  occurred  chiefly  in  the  hens  with 
good  feed  efficiency  (high  egg  production  per  pound  of  feed).  Grumbh's  {Southwest  Vet. 
9:  2,56.  1956)  corroborated  Couch  and  noted  that  Cage  Layer  P'atigue  was  an  industrial 
problem  in  Texas.  Francis  {Poult.  Sci.  36:  181.  1957)  further  substantiated  these  ob¬ 
servations  in  1957  and  noted  variations  in  incidence  from  0.6.5%  to  3.95%  in  different 
strains  of  birds;  he  observed  that  because  many  of  the  birds  recovered  when  removed 
from  cages,  the  possibility  of  fowl  paralysis  was  eliminated.  Bell  et  ah,  {J .  Biochem.  72: 
32  p.,  1959)  recently  described  two  forms  of  Cage  La\-er  P'atigue,  one,  characb-rized  by 
extreme  leg  weakness  and  another,  associated  with  sudden  death  of  otherwise  healthy 
bird  immediately  after  laying.  They  suggested  the  jiossibilities  of  hypercstrinism,  hyiier- 
parathyroidism,  or  some  unknown  disorder  of  muscle  metabolism,  and  regarded  the  bone 
changes  as  different  from  osteoporosis  or  osteomalacia.  Wc  found  severe  osteoporosis  in 
.50  to  75%  of  the  culls  of  a  flock  of  heavy  laying  White  Leghorn  hens  in  Southern 
California,  but  we  do  not  know  the  overall  incidence  of  the  disorder  in  curn'iit  strains. 
The  long  bones,  especially  femur  and  tibia  ,  had  a  thin  cortex,  enlarged  haversian  canals, 
low  osteoblastic  activity,  and  few  or  no  osteoclasts.  This  was  seen  only  in  females  gen¬ 
erally  before  the  end  of  the  first  yi'ar  of  la3’ing.  and  was  aggravated  bj'  treatment  with 
.VCTH  or  cortisone.  The  adrenals  were  atrophied  similar  to  those*  seen  in  humans  with 
postmenopausal  or  senile  osteojiorosis  (Bone  as  a  Tissue,  Chapter  2,  McGraw  Hill  Book 
Co.,  1960). 
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('alcium  metabolism  is  probably  not  at  fault.  As  earlj-  as  193(5,  Common  (J.  AgricuU. 
Sci.  26:  85.  193(5)  noted  that  birds  on  calcium  deficient  diets  came  off  their  legs,  and 
attributed  the  weakness  to  the  calcium  draft  for  calcification  of  the  egg  shells.  Under 
such  conditions,  in  otherwise  healthy  birds,  I  found  hypertrophy  rather  than  atrophj- 
of  the  adrenal  glands  (Rec.  Prog,  in  Hormone  Res.  15:  455.  1959).  There  was  no  elevation 
in  the  level  of  adrenal  hormones  in  the  blood  at  this  time;  however,  to  investigate  the 
possibility  of  adrenal  hypercorticoidism  is  necessar}'  to  measure  the  level  of  corticos- 
t<‘rone  and  17-OHCS  in  the  24  hour  excreta.  This  presents  difficulties  with  biochemical 
technique  that  we  have  not  been  abh*  to  solve. 

It  is  im|)ortant  to  note  that  CLF  is  probably  not  a  new  condition.  In  1935,  Oberling 
and  Guerin  (.1m«/cs  d’annt.  patitol.  et  d’annt.  normal  medico-chir.  11:  97.  1934)  described 
similar  birds  confined  in  cages,  used  the  term  “deficiency  osteitis,”  and  attributed  the 
disordc'r  to  hyperparathyroidism.  Bell,  et  nl.,  noted  osteoclasts  in  CLF,  and  reconsidered 
this  jmssibility,  but  in  Scotland,  as  in  the  birds  in  Southern  California,  there  was  no 
hypercalcemia  and  hyj)eri)arathyroidism  seems  therefore  uidikely.  .\vian  osteoporosis 
or  Cage  Layer  Fatigue  may  be  not  an  (‘ndocrinoj)athy.  A  hereditary  disease  of  bone  due 
to  inbreeding  is  a  good  probability.  Atrophy  of  muscle  and  confinement  of  the  bird  in  a 
small  cag('  jirobably  aggravates  but  does  not  cause  the  condition.  It  is  important  to  note 
that  impntvement  occurs  with  exercise  only  in  some  and  not  all  individuals. 

Hell.  1).  .1.  of  Edinburgh  (i)ersonal  communicatifui,  25  .July  1900)  believes  that  a 
very  high  levi'l  of  the  plasma  alkaline  phosphase  is  characteristic  of  C.L.F.  Common, 
H.  11.  of  MctJill  University  (i)ersonal  communication,  12  .July  19(50),  however,  ob.serves 
that  alkaline  i)hosphatase  levels  show  “curiously  individual  variation”  in  ai)parently 
normal  pullets.  This  has  also  Ix'en  our  experience  as  we  have  found  birds  with  severe 
osteojmrosis  with  levels  ranging  from  5  to  20  King-Armstrong  Units.  Many  poultry 
science  centers  are  giving  attention  to  CLF  and  more  information  on  the  biochemis¬ 
try  of  the  subject  is  likely  to  appear  in  the  literature  in  the  near  future. 

The  j).''oblem  of  C'LF  is  of  considerable  importance  to  clinical  medicine  as  well  as 
poultry  science.  Cage  La3’er  Fatigue  appears  to  qualifj’  as  a  specific  form  of  experimental 
osteoporosis  and  is  an  interesting  test  object  with  which  toassaj'  various  drugs  purported 
to  be  treatment  for  postmenopausal  osteoporosis  in  humans. 
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.SYNTHESIS  AND  CHROMATOGRAPHY  OF  PYRUVIC 
ACID  ANALOGUES  OF  THYROID  HORMONES' 

ABSTRACT 

The  pvruvic  acid  analogues  of  thyroxine  and  triiodothyronine  were  synthesized, 
the  latter  for  the  first  time,  from  their  corresj)onding  amino  acids  by  simplified 
methods. 

These  pyruvic  acid  analogues  were  clearly  separated  from  their  corresponding 
acetic  acid  analogues  b.v  chromatographj-  in  tert.  amylalcohol  s.aturated  with  1/15 
phosphate  buffer  (Sorensen  pH  0.47). 

FeCl:)  (0.2%)  in  ab.solute  alcohol  was  found  to  be  a  specific  and  excellent  reagent 
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for  thf  location  of  the  i)ynivic  acid  analogues  of  iodotliyroniiic  on  chroinatofjrapliy 
(sensitivity  about  15 -y). 

Though  the  pyruvic  acid  analogue  of  thyroxine  lias  been  syntliesized  by  tin*  iodina- 
tion  of  3:5  diiodotluTo pyruvic  acid,  the  yield  using  tliis  method  is  very  jioor  (1).  Tlie 
synthesis  of  the  pyruvic  acid  derivative  3':3:5  triiodothyronine  has  not  been  reported. 
It  seems  likel}-  that  these  pyruvic  acid  analogues  are  deaminated  degradation  products 
of  the  hormones  in  tissues  having  L-amino  acid  oxidase  or  transamination  activity  and 
are  precursors  of  their  corresponding  acetic  acid  analogues.  The  present  work  describes 
methods  fur  the  preparation  and  identification  of  the  jn-ruvic  acid  analogues  by  the 
same  procedure  as  the  synthesis  of  3:5  diiodothyroin  ruvic  acid. 

MKTHons- 

I'hromntografthij 

Chromatograms  were  made  using  the  descending  method  (Whatman  Paper  No.  1).  The 
following  solvent  systems  were  used:  1)  tert.  amylalcohol  saturated  with  1/15  M  S0rensen 
phosphate  buffer  (pH  0.47);  2)  tert.  amylalcohol  saturati'd  with  2N  NH4OH;  3)  dioxane-n- 

i) utylalcohol-2N  NH4OH  (1:4:2);  4)  collidine-water  (100:35.5)  in  ammonia  atmosphere. 

Color  Uengenls 

1)  Diazotized  sulfanilic  acid  reagent  (t).H.  1 ):  sulfanilic  acid  saturated  in  IN  HC3(l()ml.l 
was  mixed  with  5%  sodium  nitrite  in  water  (50  ml.),  and  cooled  in  ice  cold  water  for  30 
minutes.  The  resulting  diazotized  sulfanilic  acid  solution  was  lightly  sprayed  on  the  filter 
paper,  followed  bj’  5%  NajCOj  in  water. 

2)  FeCb  reagent  (C.R.  2):  FeCh  (0.2  g.)  was  dissolvetl  in  ab.solut<>  alcohol  (100  ml.)  acidi¬ 
fied  with  one  drop  of  concentrated  HCl.  H»‘fore  spraying  this  reagent,  the  papers  run  in 
alkaline  solvent  systems  were  dried  thoroughly,  exposed  in  HCl  gas  for  a  few  minutes  to 
neutralize  NHj  remaining  in  the  filter  papers,  and  then  redried  to  remove  the  resiihial  HCl. 
The  j)apers  run  in  system  1  and  the  papers  treated  with  HCl  were  sprayed  with  the  FeCla 
reagent  until  a  lig-ht  yellow  color  appeared.  The  pyruvic  acid  analogues  of  iodothyronines 
reacted  promptly,  giving  a  green  color.  The.se  spots  were  marked  with  pencil. 

3)  0-phenylen(liamine  reagents  (2)(C.R.  3). 

4)  2:4  Dinitrophenylhydrazine  reagent  (C.R.  4) :  a)  2:4  dinitroiihenvlhydrazine  saturated 
in  1  NHCl;  b)  reagent  (a)  was  first  sprayed,  followed  by  2N  NaOH  in  50%  (dhanol. 

5)  .\lpha-nitroso-beta-nai)hthol  reagent  (3)  (C.R.  5). 

Synlhexis 

3':3:o  Triiodothiiropiinirir  orid  (V’sA’):  N-chloroacetyl-3' :3 :5  triiodo-i.-thyronine  was  first 
prepared  by  the  acylation  of  3':3:5  triiodo-i.-thyronine  (0.05  g.)  susj)ended  in  ethylacetate 
(50  ml.)  with  chloroacetylchloride  (0.5()  ml.);  according  to  the  sam<‘  procedure  as  the  prepa¬ 
ration  of  N-chloroacetyl-3: 5  diiodo-L-thyronine  (4).  Dilution  of  the  n'sulting  chloroacetyl 
triiodothyronine  (0.43  g.)  in  ethylacetate  (2  ml.)  with  benzene  (50  ml.)  yielded  fine  long 

j) lates  (0.35  g.)  which  melted  at  203  204.5°  (after  sintering  at  2()1°).  (.Vnal.  calculated  for 
CKHuOihCl:  C,  28.1;  H,  1.80;  N,  2.0;  I,  52.3.  Found:  C,  20.2;  H,  2.0;  N,  2.0,  1,  50.0%). 
Treatment  with  N-chloroacetyl-triiodothyronine  (0.33  g.)  in  dry  pyridine  (1.4  ml.)  with 
acetic  anhydride  (4.0  ml.),  as  described  in  synthesis  of  3:5  diiodothyropyruvic  acid  (4), 
yielded  the  crude  azlactone  of  alpha-acetylamino-beta  |4(3  iodo-4-acetoxyphenoxy)-3:5 
diiodophenyll  acrylic  acid;  M.P.  245-255°.  The  azlactone  (0.25  g.)  was  boiled  with  1  N  NaOH 
(10  ml.)  until  most  of  the  starting  material  was  dissolved  (approximately  10  minutes)  and 
the  hot  solution  filtered  to  remove  insoluble  material,  .\cidification  of  the  filtrate  with  2N 
HCl  immediately  produced  a  white  mecij)itate  which  could  be  crystallized  by  the  dilution 
of  the  alcoholic  solution  with  water.  Two  crystallizations  of  this  comi)ound  yielded  fine  long 
l)lates  of  alpha-acetylamino  3':3:5  triiodothyrocinnamic  acid:  M.P.  190°  (after  sintering 
at  185°).  (.\nal.  calculated  for  CiiHi-OsNIj:  C,  29.55;  H,  1.75;  I,  55.1.  Found:  C,  30.1;  H, 
1.97;  I,  57.5%).  The  cinnamic  acid  (0.14  g.)  was  refluxed  in  15  ml.  of  a  mixture  of  1.5N  HCl 
and  glacial  acetic  acid  (10:6  v/v)  for  4.5  hours.  .\t  the  end  of  this  procedure,  the  hot  solution 
was  rapidly  filtered  to  remove  oily  material  and  stored  in  a  dark  cold  room  for  two  days: 


*  The  optical  rotation  of  the  N-chloroacetyl  analogues  of  thyroid  hormones  was  not 
estimated.  These  materials,  however,  should  not  be  the  racemized  products  because 
N-chloroacetyldiiodothyronine  prepared  from  L-diiodothyronine  by  the  same  procedure 
as  the  synthesis  of  the  above  materials  was  not  racemized. 

The  author  wishes  to  thank  Dr.  Richard  S.  Johnson  of  Smith  Kline  and  French, 
Laboratories  of  Philadelphia  for  supplies  of  thyroid  hormones  and  their  analogues. 
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the  resultinu  crystalline  precipitate  was  collected,  washed  with  water,  and  dried  (yield: 
0.089  g.).  The  meltinn  point  of  this  product  was  22(5°.  This  changed  to  125-130°  after  two 
crystallizations  from  40%  acetic  acid.  The  crystalline  powder  having  a  melting  point  of  125- 
130°  was  analyzed.  (.\nal.  calculated  for  f' iHjOsIjlC,  27.71;  H,  1.40,  I,  58.58.  Found:  C, 
27.78;  H,  1.72';  I,  59.44%). 

Tetraiodolhyropyruvic  acid  :  U.sing  the  .same  method  as  that  described  above,  treat¬ 

ment  of  N-chloroacetyl-L-thyronine  (0.53  g.)  (5)  in  dry  pyridine  (2.0  ml.)  with  acetic  anhy¬ 
dride  (4.0  ml.)  yielded  the  corresponding  azlactone:  M.P.  265-272°.  The  azlactone  (0.35  g.) 
was  then  refluxed  with  30%  KOH  for  one  hour.  The  crystalline  precipitate  collected  after 
cooling  overnight  was  dissolved  in  water.  The  solution  and  mother  liquor  were  both  saturated 
with  sulfur  dioxide;  the  resulting  precipitates  from  both  solutions  were  combined,  washed 
thoroughly  with  ether,  and  dried.  The  powder  was  disst)lved  in  hot  water  by  adding  NajCOj 
and  acidified  with  IN  HCl  at  the  boiling  point  of  the  solution  yielding  crude  TjK  (0.132  g.). 
\  single  crystallization  from  80%  acetic  acid  resulted  in  fine  colorless  prisms;  M.P. :234-236° 
(dec.).  (.\nal.  calculated  for  Ci5H806l4:C,  23.2:  H,  1.0;  I,  65.4.  Found:  C,  22.9;  H,  1.1,  I, 
65.1%).  The  crystals  obtained  after  two  crystallizations  had  a  melting  point  of  210°  (dec.). 

TjK  and  T4K  <lecompo.«ed  gradually  and  turned  a  yellowish  brown  color  despite  storage 
over  PjOs  iti  vacuo. 


KKSULT.s 

.\s  sliown  in  'I'able  1,  the  iodothyroityruvic  acids  were  clearly  separated  from  their 
corresponding  acetic  acid  analogues  by  chromatograph}*  in  system  1.  Spots  of  these 
pyruvic  acids  on  the  chromatogram  gave  a  specific  color  reaction  with  P'eCU  reagent 
(sensitivity  15  gamma)  and  reacted  with  carbonyl  reagents  (C.R.  3  and  4b)  and  phenolic 
reagent  (C.R.  1).  Even  though  T4K  migrated  closely  to  T3K  in  this  system,  two  separate 
compounds  could  be  distinguished  by  staining  with  alpha-nitroso-beta-naphthol  re¬ 
agent  (C.R.  5).  Chromatography  of  these  pyruvic  acids  in  this  system  revealed  the 


T.\bi.e  1 


Color  tests  i 

Rf  values  of  compounds  in : 

r.K.  1 

C.R.  2 

C.R.  3 

C.R.  4b 

C.R.  5 

S.  1 

S.  2 

S.  3 

S.  4 

T4K 

Piirple 

(brown  hue) 

GnH*n 

Dark  yellow-  ' 
ish  gnM^n 

Russf't  1 

1  - 

0.35 

0..36 

0.62  i 

0.69 

T4.4 

Purple  1 

-  i 

— 

Yellow 

0.64  1 

o.:i4  j 

0.62 

0.66 

T4 

Purple  1 

—  i 

-  1 

- 

0.44 

0.<K) 

0.44 

0.58 

T4r 

Purple  1 

i 

Dark  yellow¬ 
ish  gr(*t*n*  ' 

Russet 

(yellow  hue) 

: 

0.92  ' 

0.80 

0.85  ; 

0.98 

TjK 

Purple 

1 

Oreen 

Dark  yellow-  , 
,  ish  gr(*en  1 

Russet  < 

1 

!  : 

().:)8 

0.48 

0.71 

0.79 

T4.4 

Purple  1 

— 

iorange 

1 

0.70  ; 

0.48 

0.71 

0.79 

T» 

Purple  1 

- 

0.45 

0.32  ! 

0.62 

0.62 

T,r 

Purple 

_ 

Dark  yellow¬ 
ish  gre<‘n* 

Russet 

(yellow  hue)  i 

i 

0.92 

0.91 

0.89 

0.98 

TsK 

Purple 

(o^an^e  hue)  ' 

Green 

Dark  yellow¬ 
ish  green 

Russet  ' 

1  0..33 

0.47 

0.71 

I  0.79 

T5.4 

Purple 

— 

~  i 

1  Orange  (more 
red  hue  than 
'  T I  analogues) 

j 

‘  0.70 

i  0.47 

i  0.71 

i  0.79 

T.  1 

Purple 

i  (orange  hue) 

— 

-  ! 

!  0.53*' 

i 

0.30 

0.60 

j  0.62 

TsU 

Reddish  orange 

— 

Dark  yellow¬ 
ish  green® 

Russet 

(yellow  hue) 

' 

0.88 

0.91 

0.89 

!  0.98 

1 

Samples  to  be  tested  were  dissolved  in  the  (ollowinK  solvents  just  before  chromatography: 

0.05%  T4  (Tj  or  Ti)  in  n-butyl  alcohol  saturated  with  concentrated  ammonia;  0.05%  T4K  in  a  mixture  of  n-butyl 
alcohol  and  ethanol  (2:1);  0.1%  1*4.4  (or  each  of  the  others)  in  90%  ethanol. 

Each  sample  (6O7)  was  spotted  on  paper  and  developed  for  18-20  hours  in  system  1  or  2  (for  about  12  hours  in  sys¬ 
tem  3  or  for  about  14  hours  in  system  4)  at  room  temperature  (23.5-24.2®).  Rf  values  are  means  of  three  different  runs. 
Symbols;  T4.4 — tetrahyroacetic  acid 
T4 — thyroxine 

Tj.\ — 3'  :3 : 5  tetrahyroacetic  acid 
T  a — 3' ;  3 : 5  triiodohy  ronine 
T  5.4 — 3 ;  5  tetrathyroacet  ic  acid 
Ts — 3 ;  5  diiodothyronine 
“  Test  yields  a  reddish  oramte  color. 

"  Elongated  spot. 
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presence  of  two  groups  of  contaminants  in  trace  amounts  after  spraying  the  diazotized 
sulfanilic  acid  reagent;  one  group  (compounds  T2C,  T3U  and  T4U)  had  the  same  Rf 
and  color  tests  as  tlie  corresponding  degradation  substances  of  the  iodothyronines  with 
niidiydrin  (b).  The  other  group  had  the  same  Rf  and  color  tests  as  their  corresponding 
acetic  acid  analogues.  In  systems  2,  3  and  4  the  compounds  in  the  first  group  were  found 
to  he  increased  slightly  in  amount  judging  from  the  color  intensity  and  the  size  of  the 
si)ots.  The  compounds  in  the  second  group,  however,  could  not  be  detected  on  the 
chromatograms  presumably  because  the  iodothyroj)yruvic  acids  have  the  same  migra¬ 
tion  as  the  corn'sponding  acetic  acid  analogues  and  there  is  no  specific  color  reagent 
available  for  their  identification. 

DISCUSSION 

In  1954  Roche  and  his  coworkcTs  (7)  reported  the  occurrence  of  the  pyruvic  acid 
analogues  of  thyroxine  or  of  triiodothyronine  in  bile  and  urine  of  rat  after  treatment 
with  pharmacological  doses  of  thyroxine  or  triiodothyronine.  In  their  report  two  un¬ 
known  compounds  located  between  thyroxine  or  triiodothyronine  and  the  origin  weri' 
identified  during  chromatograjiliy  of  bile  in  collifline-water  (100:35.5)  in  ammonia 
atmosphere.  These  ai)peared  to  be  T4K  or  T3K,  respectively,  by  color  tests  though 
authentic  samples  wen*  not  used  as  markers.  In  the  results  presented  here  both  sjn- 
thetic  iodothyropyruvic  acids,  'I’lK  and  T3K,  however,  migrati'd  more  rapidly  than 
thyroxine  or  triiodothyronine  in  the  same  solvent  sjstem  as  that  used  by  the  above  au¬ 
thors.  Therefore,  the  unknown  compounds  excreted  in  bih“  may  not  be  pyruvic  acid 
analogues  of  thyroxine  or  triiodothyronine. 

On  the  other  hand,  products  of  thyroid  hormones  formed  by  deamination  in  tissue 
or  by  other  enzyme  systmns  have  largely  been  identified  bj-  chromatograph}’  in  systems 
2,  3,  or  4  only  without  cocrystallization  with  authentic  samjjles  or  by  isolation  as  crys¬ 
tals.  Since  it  was  found  that  in  these  chromatograiihic  systems  the  in  ruvic  acid  ana¬ 
logues  of  thyroid  hormones  have  the  same  migration  as  their  corresponding  acetic  acid 
analogues,  the  compounds  reported  as  the  acetic  acid  analogues  of  thyroid  hormones 
might  be  an  admixture  of  those  and  their  corresponding  jjyruvic  acid  analogues.  There¬ 
fore,  system  1  .should  be  used  for  the  chromatographic  identification  of  the  pyruvic  acid 
analogues  of  thyroid  hormones. 

Minoru  Nakano 

Section  of  Endocrinology  and  Metabolism 
I'niversity  of  Pittsburgh  School  of  Medicine 
Pi ttsb u rgh,  Penn syl va n ia 
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MAMMOGENIC  ACTIVITIES  OF  THE  MID-GESTATIONAL 
MOCSE  PLACENTA* 

ABSTRACT 

Two-month  old  virgin  C.iH  mice  were  injected  daily  for  8  days  in  the  right 
inguinal  mammary  area  with  an  extract  of  fetal  placentae  from  mice,  12  days 
pregnant.  Mice  receiving  doses  equivalent  to  1,  2,  or  3  placentae  showed  lohulo- 
alveolar  development  on  both  sides,  but  more  extensive  growth  on  the  injected  side 
in  all  cases.  The  responses  to  a  dose  equivalent  to  half  of  a  placenta  indicated  that 
this  approximates  the  minimal  effective  mammogenic  dosage.  Corpora  lutea  were 
maintained,  and  vaginal  cycles  stopped  in  the  mucification  j)hase  in  tlie  mice  showing 
lohulo-aveolar  mammary  growth. 

Previous  reports  from  this  laboratory  (1),  (2)  confirmed  the  discovery  bj’  Astwood 
and  Greep  (3)  of  a  potent  luteotrophic  hormone  in  the  rat  placenta.  The  mammogenic 
and  lactogenic  activities  of  rat  placental  extracts  were  found  to  corresi)oml  in  part  to 
those  of  purified  ovine  or  bovine  hyi)ophysial  lactogenic  hormone.  Tliis  explained  the 
findings  by  Pencharz  and  Long  in  the  rat  (4)  and  Newton  and  Beck  (5)  in  the  mouse 
that  pregnancy  was  maintained  and  mammary  development  proeeeded  in  animals  hj  po- 
physectomized  in  mid-pregnanc}-.  The  luteotrophic  activity  of  the  rat  placenta  was 
credited  with  the  maintenance  of  the  conceptus  (1),  and  this  ovary-stimulating  activity 
plus  a  direct  mammary  stimulating  activity  were  responsible  for  lobulo-alveolar  mam¬ 
mary  growth  (2). 

It  would  seem  likely  that  the  same  pituitary-like  activities  found  in  the  rat  placenta 
would  also  be  found  in  the  mouse  idacenta;  but  we  are  unaware  that  this  has  been 
shown  until  now.  Our  interest  in  investigating  mouse  placental  mammogens  stems  from 
the  mammary  tumor  problem  and  particularly  an  interesting  series  of  papers  by  Foulds 
(6)  (7)  (8)  reporting  an  acceleration  of  mammarj-  tumor  growth  in  pregnancy. 

KXPKRIMKNT.\L  PROCEDURK 

Homogenates  were  made  from  placentae  obtained  from  multiparous  C3H/H2  — CUGL 
“virus  free”  mice  on  the  12th  day  of  pregnancy,  counting  the  day  of  detecting  sperm  in  the 
vagina  as  day  1.  The  tissue  used  was  almost  entirely  fetal  placenta  from  which  the  main  mass 
of  decidua  and  the  fetus  in  amnion  were  excluded.  The  |)lacentae  were  stored  in  2%  butanol 
in  distilled  water  at  approximately  4°  C  and  homogenized  as  a  single  batch.  The  homogenate 
was  centrifuged  and  the  supernatant  fluid  was  injected  in  amounts  equivalent  to  0.5,  1,  2 
and  3  placentae  per  day.  The  amount  of  tissue  obtained  from  each  placenta  at  this  stage  of 
pregnancy  was  found  to  approximate  27  mg.  The  extract  was  itqected  daily  for  8  days  into 
the  same  area  of  skin  covering  the  right  fourth  mammary  gland  of  2-month  old  mdliparous 
mice.  Injections  were  begun  on  the  day  following  cyclic  vaginal  cornification;  and  vaginal 
smears  were  made  each  day  including  the  ninth  or  necropsy  day.  The  persistence  of  a  mucous 
type  of  smear  and  the  absence  of  cornification  was  interpreted  as  being  due  to  the  mainte¬ 
nance  of  a  crop  of  corjjora  lutea  in  a  secretory  phase.  Certain  vaginal  smear  procedures  in 
some  strains  of  mice  may  possibly  induce  pseudopregnancy;  but  this  was  not  observed  in 
the.se  experiments.  Control  mice  and  the  experimental  animals  in  the  period  preceding  injec¬ 
tions  showed  regular  cycles  by  the  spatula  smear  technic  employed.  .\t  necropsy  the  ovaries 
and  mammary  glands  were  fixed  for  staining  and  microscopic  study.  The  ovaries  were 
examined  for  evidence  of  maintenance  of  the  corpora  lutea.  The  mammary  gland  that  had 
received  the  placental  extract  locally  and  its  contralateral  gland  were  compared  after  staining 
in  toto  in  alum-carmine.  Depending  upon  the  degree  of  mammary  development  observed  the 
glands  were  rated  arbitrarily  as  follows:  D,  ducts  only;  D.\B,  ducts  with  ductal  or  alveolar 
buds;  L.\l  to  L-\3,  degrees  of  lobulo-alveolar  development  as  judged  by  the  size  and  number 
of  alveolar  clusters. 

RESULTS 

The  estrous  cj-cle  was  stopped  in  a  mucification  phase  for  the  duration  of  the  experi¬ 
ment  as  follows:  in  the  8  mice  given  either  2  or  3  placental  equivalents;  in  4  of  5  mice 
on  1  placenta;  in  1  of  3  mice  on  0.5  placenta  (Table  1).  Cornification  cycles  were  resumed 
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Table  1.  The  effects  of  m<»i*se  i'lacentai 

LUTEA  AM)  THE  MAMMARY 

,  EXTRAC'T.S  ON 
(il.AXDS  OF  C 

THE  ESTHOVS  CYCl.E, 
all  VIRGIN  MICE 

THE  CORPORA 

Mouse 

Place  equiv. 
per  day 

Estrous  cycle 
stopped 

Luteal  cell 
stimulation 

Mammary  development* 

L  R 

Controls  (10) 

0 

_ 

_ 

D 

1) 

1 

0.5 

— 

+ 

DAB 

LAI 

2 

0.5 

— 

— 

D 

DAB 

3 

0.5 

+ 

+ 

DAB 

LA2 

4 

1 

+ 

+ 

LAI 

LA2 

5 

1 

+ 

+ 

LAI 

LA2 

t) 

1 

— 

+ 

DAB 

LAI 

7 

1 

+ 

+ 

LAI 

LA2 

8 

1 

+ 

-b 

LAI 

L.V2 

9 

2 

+ 

+ 

LA2 

LA3 

10 

2 

-f 

+ 

LAI 

LA2 

11 

2 

+ 

-b 

LAI 

LA2 

12 

2 

+ 

-b 

LAI 

LA2 

13 

2 

-h 

+ 

LA2 

LA3 

14 

3 

-b 

-b 

LAI 

LA3 

15 

3 

+ 

-b 

LA2 

LA3 

K) 

3 

+ 

+ 

L.V2 

LA3 

*  D  =  ducts. 

D.\B=  ducts  with  numerous  side  buds. 

L.\1-LA3  =duct  system  with  alveolar  lobules  varying  in  size  and  number. 


in  the  3  uninterrupted  cases.  The  ovaries  of  all  but  1  mouse  showed  evidence  of  func¬ 
tional  luteal  cell  hypertrophy,  and  the  absence  of  the  usual  fatty  degenerative  changes  in 
I  crop  of  corpora  lutea.  In  only  one  mouse  (No.  2  on  the  0.5  placental  equivalent)  was  it 
impossible  to  detect  some  lolrular  growth  in  the  injected  gland;  and  even  this  gland 
showed  side-budding  not  seen  on  the  bare  duet  system  of  its  contralateral  control.  This 
animal  and  No.’s  1,  3  and  6  failed  to  show  lobule  formation  in  their  uninjected  gland. 
In  every  case  the  injected  gland  received  a  higher  rating  for  development.  None  of  the 
glands  showed  the  full  lobulo-alveolar  development  characteristic  of  late  pregnane}-; 
but  all  of  those  given  an  LA  rating  showed  transformation  to  varying  degrees  of  lobule 
formation  such  as  is  seen  between  days  7  and  12  of  pregnancy  (Figs.  1  and  2). 

DISCUSSION 

The  demonstration  of  mammary  growth  stimulating  activity  in  the  mouse  jilacenta 
was  interpreted  in  light  of  a  local  and  a  systemic  mode  of  action.  .\  systemic  effect  was 
shown  when  the  right  and  contralateral  glands  e.xhibited  a  greater  degree  of  develoi)- 
ment  than  that  seen  in  control  mice.  The  direct  effect  was  demonstrated  when  the 
locally  injected  gland  showed  greater  development  than  the  contralateral,  uninjected, 
gland,  due  consideration  being  given  to  “normal”  variations  within  a  given  mouse.  It 
would  seem  likely  that  the  direct  and  indirect  effects  might  be  the  same  as  in  the  rat 
(2)  in  which  it  was  shown  in  hypophysectomized  and  hypophysectomized-oophorecto- 
mized  animals  that  there  is  a  placental  hormone  like  hypophysial  mammotrophin  which 
is  not  only  luteotrophic  and  therefore  indirectly  mammogenic,  but  also  directly  mam- 
mogenic  in  synergism  with  the  ovarian  hormones.  The  luteotrophic  effect  or  corpus 
luteum  stimulation  was  shown  in  almost  all  of  the  injected  mice  by  the  interruption  of 
the  vaginal  cycle  in  the  mucified  phase  and  by  lobulo-alveolar  mammary  growth  be¬ 
yond  that  usually  seen  in  young,  normal,  virgin  mice.  Such  development  has  been  in¬ 
duced  in  the  hypophysectomized-oophorectomized  CsH  mice  injected  with  estradiol, 
progesterone  and  pituitary  mammotrophin  (9).  Aside  from  the  role  played  by  the 
placenta  in  normal  mammary  growth,  its  mammogenic  effects  in  conditioning  a  gland 
for  cancer  or  facilitating  tumorigenesis  by  other  agents  may  be  of  some  importance. 
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Fig.  1.  Right  inguinal  mammarj’  gland 
of  a  mouse  injected  dailj-  for  8  days  in  this 
area  with  a  2%  butanol  extract  equivalent 
to  j  of  a  12  day  mouse  placenta.  Many 
alveolar  clusters  have  formed  on  the  duct 
system.  Compare  with  figure  2.  X8. 


Fig.  2.  The  contralateral  gland  from  the 
j,same  mouse  showing  a  duct  system  with 
club  ends  and  few  side  buds.  X8.  Both 
glands  were  fixed  in  10%  formalin, 
stained  in  toto  in  alum-carmine,  and 
cleared  in  methvl  salicvlate. 
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Some  mammary  tumors  grow  fluriiig  pregnancy  and  regress  during  lactation  ((>).  Others 
in  certain  strains  of  mice  show  a  frecjueney  of  inciflencc  directly  related  to  the  numher 
of  pregnancies  (10). 

Ukmo  a.  Ckkkuti  and  W.  H.  Lyons 

Department  of  Anatomy 
Seliool  of  Medicine 
University  of  California 
San  Francisco,  California 
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5a-ANDROSTANE— AN  ANDROOENTC  HYI)RO('ARRON 


ARSTRAt'T 

The  niiniinuni  structural  recpiire incuts  for  steroids  displavin;>:  androgmiic  activity 
have  not  hecii  clearly  defined.  The  present  studies  show  that  the  basic  hydrocarbon 
of  the  androgens,  5a-androstane,  displays  androgenic  activity.  The  material  pro¬ 
duces  significant  increase  in  the  weight  of  tin*  chick  comb  when  applied  locally  or 
parenterally,  thus  demonstrating  that  oxygen  functions  are  not  necessary  for 
androgenic  activity. 

The  minimal  structural  reiiuirements  for  androgmiic  activity  have  not  bi'en  defined 
and  would  be  of  considerabh*  interest.  .Vccordingly,  a  series  of  monofunctional  com- 
jiounds  of  the  androstane  series  was  prepared  and  studied  for  androgenicity  in  the  day 
old  chick  (1).  It  was  striking  that  whereas  the  oxygen  function  at  position  3  could  be 
removed  from  testosterom*  with  little  ri'duction  of  androgenic  activity,  removal  of  the 
oxygen  function  at  i)osition  17  reduced  the  androgenicity  much  mon*  sharply,  but  the 
resultant  eompound  (17-desoxytestosterone)  is  still  androgenic.  The  fact  that  either 
oxygen  function  could  lx*  removial  from  ti'stostiTone  without  destroying  tin*  androgmiic 
aetivitj’  suggi'sted  the  possibility  that  androgenicity  is  a  jiroperty  of  the  basic  steroid 
skeleton  and  that  it  is  enhanced  only  by  the  jiresence  of  the  oxygens. 

.MATERIALS  AND  .METHODS 

.\ccordingly,  .5a-andr()stane  was  prepared  from  .5a-androstane-3,17-di()nc  liy  the  Ilnang- 
Minlon  (2)  modification  of  the  WolfT-Kishner  reduction.  The  product  was  chromatographed 
on  activated  alumina  (13:1)  with  pcdrolcum  ether  as  a  solvent  and  eluant.  The  .5o-androstanc 
was  then  recrystallized  from  ethyl  acetate-methanol  (1 :3).  It  was  thus  obtained  as  colorless, 
glistening  plates,  m.p.  50-51°  C  (Kofler  stage);  reported  m.p.  49-51°  C  (3).  Infrared  absorp¬ 
tion  spectra  (KBr  pellet)  showed  neither  hydroxy  (2.9/i^  nor  ketonic  (5.75-5.90/x)  bands,  and 
coincided  with  the  spectra  reported  for  5a-androstane  (4). 

The  5a-androstane  was  then  studiixl  for  androgenicity  in  the  day-old,  single  comb  white 
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Table  1.  Chick  comb  assays 


Testosterone 

5a-andro.stane 

Daily  treatment 

Comb  wt.  ±  P.E. 
(mg.) 

Dailj’  treatment 

Comb  wt.  ±  P.E. 
(mg.) 

0 

13.3±0.7 

— 

_ 

1  Mg.  (L) 

31.5±2.2 

1  mg.  (L) 

42.1  ±3.9 

10  Mg.  (L) 

63.1  ±3.0 

10  mg.  (L) 

38.2±3.5 

1  Mg.  (l.M.) 

20.3  +  1.7 

1  mg.  (l.M.) 

30.3  +2.4 

10  Mg.  (l.M.) 

19.0±1 .5 

10  mg.  (l.M.) 

30. 7  ±1.5 

L=iiuinetion  onto  comb. 
l.M.  =intramuscul!ir  injection. 


leRliorn  cockerel.  For  local  application  on  the  chick  comb  it  was  dissolved  in  mineral  oil 
then  diluted  with  20  volumes  of  ethyl  ether;  0.05  ml.  of  the  solution  was  inuncted  on  the 
combs  of  day-old  chicks  daily  for  7  applications;  48  hours  after  the  last  inunction  autop.sy 
was  performed  and  the  combs  were  weighed.  The  steroid  was  al.so  dissolved  in  0.05  ml.  of 
sesame  oil  and  given  intramuscularly  to  the  chicks  according  to  the  same  schedule. 

RE.SULTS 

Table  1  shows  a  typical  study  in  which  the  5a-androstane  was  compared  with  testo¬ 
sterone.  There  is  a  highly  significant  increase  in  weight  of  the  combs  by  both  routes  of 
administration.  This  indicates  that  5a-androstane  does  possess  androgenic  activity. 

DISCUSSION 

These  studies  have  borne  out  the  postulate  that  androgenic  activity  is  indeed  a  prop¬ 
erty  of  the  hydrocarbon  steroid  skeleton.  The  recent  report  by  Dorfman  (5)  that  there 
is  at  least  one  non-steroid  androgen,  coupled  with  our  observations,  would  indicate  that 
androgenic  activity,  like  estrogenic  activity,  is  a  relatively  non-specific  property 
shared  by  a  wide  variety  of  compounds  of  differing  chemical  structure. 

We  do  not  believe  that  the  androgenic  activity  can  be  accounted  for  by  the  presence 
of  oxygenated  contaminants,  since  all  the  studies  show  they  were  not  present.* 

SU.MMARY 

The  hydrocarbon  skeleton  of  the  natural  androgens,  5a-androstane,  was  prepared  and 
found  to  be  androgenic  in  the  day-old  chick.  Thus  it  was  demonstrated  that  oxygenated 
groups,  in  either  position  3  or  1 7,  are  not  absolutely  necessary  for  androgenic  activity, 
but  that  androgenic  activity  is  indeed  a  property  of  the  hydrocarbon  steroid  skeleton. 
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('ORRIGENDUM 

Due  to  editorial  error,  the  3  papers  by  Taurog,  Evans  ct  nl.  in  the  No¬ 
vember  1900  Endocrinology  were  not  pul)lished  in  the  intended  order.  The 
first  paper  in  the  series  should  be  “Failure  to  Demonstrate  Extrathyroidal 
Thyroxine  Formation  in  Thjroidectomized  Rats  on  Low  and  Moderate 
Iodine  Intakes,”  and  the  last  paper  in  the  series  should  be  “Plasma  I'*' 
Thyroxine  in  Hypophysectomized  Rats  Injected  with  Hadioiodide.” 

As  the  papers  now  stand,  the  following  change  should  be  made:  Page 
634 ;  reference  1  should  read  p.  635  instead  of  p.  609. 


THE  ENDOCRINE  SOCIETY 

The  1961  Annual  Meeting 

Tlie  Forty-Third  Annual  Meeting  of  the  Endocrine  Society  will  he  held 
in  the  Hotel  Biltmore,  New  York,  N.  Y.,  Thursday,  Friday  and  Saturday, 
June  22,  23  and  24,  1961. 

The  Scientific  Sessions  will  he  held  from  9:00  a.m.  to  5:00  p.m.  daily  and 
in  addition  there  will  he  simultaneous  afternoon  sessions.  The  annual 
dinner  is  scheduled  for  Friday,  June  28,  at  7:80  p.m.,  preceded  hy  cocktails 
at  6:80  p.m. 

All  memhers  are  urged  to  make  their  hotel  reservations  immediately. 
The  Biltmore  will  hold  800  bedrooms  for  memhers  until  May  1,  1961,  after 
which  time  the  hotel  will  not  guarantee  further  reservations.  Therefore 
it  is  imperative  that  you  make  your  reservations  early,  directly  with  the 
hotel,  advising  them  of  time  and  date  of  arrival  and  departure.  If  you  plan 
on  remaining  through  June  26  for  the  American  Medical  Association  and 
other  meetings,  it  is  imperative  that  your  reservations  he  made  from 
June  26  on  directly  through  the  A.M. A.  Housing  Bureau.  Make  your 
reservations  early  and  avoid  disappointment.  Hotel  reservation  card  will 
he  mailed  to  memhers  shortly  after  January  1,  1961. 

Final  program,  memhership  card  and  advance  registration  forms  will 
he  sent  on  May  1,  1961  to  memhers  whose  current  dues  have  heen  paid. 

Those  wishing  to  present  papers,  which  will  he  .strictly  limited  to  ten 
minutes,  should  .send  an  original  and  four  copies  of  the  title  and  abstract 
to  the  Vice-President,  Dr.  Roy  Hertz,  National  Cancer  Institute,  Be- 
thesda,  Maryland,  not  later  than  February  15,  1961.  It  is  imperative  that 
the  abstracts  he  informative  and  complete  with  results  and  conclusions 
— not  a  statement  that  those  will  he  pre.sented  at  the  meeting — in  order 
that  they  may  he  of  reference  value  and  .suitable  for  printing  in  the  pro¬ 
gram.  The  reading  and  proce.s.sing  of  approximately  two  hundred  ah.stracts 
submitted  each  year  and  compiling  of  the  program  from  these  involves  a 
tremendous  amount  of  time  and  effort  on  the  part  of  the  Program  Com¬ 
mittee. 

THE  COUNCIL  REQUESTS  THAT  AUTHORS  ADHERE  STRICTLY 
TO  THE  FOLLOWING  RULES  WHEN  SUBMITTING  ABSTRACTS, 
OTHERWISE  THEY  CANNOT  BE  CONSIDERED: 

1.  IT  IS  ASSUMED  THAT  ABSTRACTS  SUBMITTED  FOR  THIS 
PROGRAM  HAVE  NOT  AND  WILL  NOT  BE  SUBMITTED 
ELSEWHERE. 

2.  Abstracts  may  not  exceed  two  hundred  words,  or  equivalent  space. 
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exclusive  of  title,  Xo  footnotes  or  acknowledgements  to  sponsors  can 
be  published.  Reference,  if  used,  must  be  placed  in  the  body  of  the 
text.  The  abstract  should  consist  of  a  single  paragraph,  if  possible. 
Structural  chemical  formula  cannot  be  used. 

3.  The  title  heading  must  be  arranged  as  follows; 

Line  1.  Title,  not  to  exceed  fifteen  words; 

Line  2.  Author  s.  The  name  of  each  non-member  author  collabo¬ 
rating  with  member-authors  is  to  be  followed  by  the  phrase 
“(by  invitation)”.  Names  of  non-members  who  are  intro¬ 
duced,  i.e.,  who  are  not  collaborators  with  member-authors, 
are  to  be  followed  by  the  phra.se  “(introduced  by  .  .  .)”.  The 
principal  degree,  e.g.,  M.D.,  of  each  author  should  be  writ¬ 
ten  after  his  name. 

Line  8.  Institution  of  origin  and  city  in  which  institution  is  located. 


1901  AWARDS 

The  .selection  of  the  recipients  of  the  awards  of  The  Lndocrine  Society  is 
made  by  a  Committee  appointed  by  the  Council  of  the  Society.  These 
awards  and  fellowships  carry  no  obligation  by  the  recipient  to  the  Society 
or  to  the  donors. 


Fred  Cox  rad  Koch  Award 

During  the  past  year  a  substantial  legacy  has  been  becpieathed  the  So¬ 
ciety  by  the  late  Elizabeth  Koch  for  the  purpose  of  establishing  the  Fred 
Conrad  Koch  Memorial  Fund  in  memory  of  her  late  husband,  distin¬ 
guished  service  professor  of  physiological  chemistry  at  the  University  of 
Chicago  and  pioneer  in  the  i.solation  of  the  androgens.  This  is  to  be  the 
highest  honor  of  the  Endocrine  Society  and  is  to  be  represented  by  a  medal 
that  is  to  be  known  as  the  Koch  Medal  of  The  Endocrine  Society,  The 
medal  and  honorarium  of  S8,.500  is  to  be  given  annually  to  an  individual 
for  work  of  special  distinction  in  endocrinology. 

The  recipient  shall  be  chosen  from  nominations  presented  by  meml)ers 
of  the  Society  and  is  limited  to  citizens  of  the  United  States  and  Canada. 
This  award  will  replace  the  Medal  of  the  Endocrine  Society  which  was  es¬ 
tablished  in  1954  and  presented  to  Dr.  Carl  Moore  in  1955,  Dr.  Frederick 
L.  Hisaw  in  1956,  Dr.  Jo.seph  C.  Aub  in  1957,  Dr.  1.  L.  ChaikotT  in  195S, 
Dr.  Wilbur  W.  Swingle  in  1959  and  Dr.  Emil  Witschi  in  1960,  The  En¬ 
docrine  Medal  replaced  the  E.  R.  Squibb  Award  which  was  formerly  the 
highe.st  honor  bestowed  by  the  Society.  Past  recipients  of  the  Squild) 
.\ward  were  Dr.  George  W.  Corner  in  1940,  Dr.  Philip  E.  Smith  in  1941, 
Dr.  Fred  C.  Koch,  1942,  no  award  was  given  in  1948,  Dr.  E.  A.  Doisy  in 
1944,  Dr.  E.  C.  Kendall  in  1945,  Dr,  Carl  O.  Hartman  in  1946,  Drs.  Carl  F. 
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and  Clerty  T.  Cori  in  1947,  Dr.  F'uller  Albright  in  1948,  Dr.  Herbert  Evans 
in  1949,  Dr.  C.  X.  H.  Long  in  19.50,  Dr.  .J.  B.  Collip  in  19.51,  Dr.  .lames 

H.  Means  in  19.52  and  Dr.  David  Marine  in  1953. 

The  Cib.\  Award 

The  Ciba  Award,  to  recognize  the  meritorious  accomplishments  of  an  in¬ 
vestigator  who  has  not  attained  his  36th  birthday  by  June  1st  of  the  year 
the  award  is  presented,  in  the  field  of  clinical  or  preclinical  endocri¬ 
nology,  was  established  in  1942,  but  no  recipient  was  selected  in  1942 
or  1943.  In  1944  the  Award  was  presented  to  Dr.  E.  B.  Astwood,  1945 
Dr.  James  A.  Russell,  1946  Dr.  Martin  M.  Hoffman,  1947  Dr.  Choh  Hao 
Li,  1948  Dr.  Carl  Heller,  1949  Dr.  (leorge  Sayers,  19.50  Dr.  Oscar  M. 
Hechter,  19.51  Dr.  Albert  Segaloff,  1952  Dr.  Seymour  Lieberman,  19.53 
Dr.  Sidney  Roberts  and  Dr.  Clara  Szego  (Mrs.  Roberts),  19.54  Dr.  Isadore 
M.  Rosenberg,  19.55  Dr.  Jack  Gross,  1956  Dr.  Alfred  M.  Bongiovanni, 
19.57  Dr.  Nicholas  S.  Halmi,  19.58  Dr.  Monte  Arnold  Greer,  19.59  Dr.  Gor¬ 
don  L.  Farrell  and  1960  Dr.  Don  H.  Nelson.  Prior  to  19.52  the  Award  was 
.81,200.  It  has  now  been  increased  to  .82, .500. 

The  Ayerst  and  the  Squibb  Fellowships 

The  Ayerst  Fellowship  was  established  in  1947  and  the  Squibb  Fellow¬ 
ship  in  1956.  They  are  designed  to  assist  men  or  women  of  exceptional 
promise  in  furthering  their  advancement  towards  a  career  in  endocrinology. 
Each  Fellowship  is  awarded  on  alternate  years  and  the  stipend,  which  will 
not  exceed  .85,000  may  be  divided  into  two  Fellowships  in  varying  amounts 
in  accordance  with  the  qualifications  of  the  appointees.  Individuals  pos¬ 
sessing  the  M.D.  or  Ph.D.  degree,  or  candidates  for  either  of  these  degrees, 
are  eligible  for  appointment. 

Applicants  must  submit  the  following  information: 

I.  Evidence  of  scientific  ability  as  attested  by  studies  completed  or  in 
progress. 

2.  Recommendations  from  individuals  familiar  with  the  candidate  and 
his  work. 

3.  A  proposed  program  of  study. 

4.  Acceptance  of  the  individual  by  the  head  of  the  department  in  which 
the  Fellowship  will  be  held. 

5.  A  statement  that  he  or  she  will  serve  full  time  if  awarded  a  F'ellow- 
ship.  A  small  amount  of  time  (10  to  15  per  cent)  may  be  spent  in 
course  work  or  participation  in  teaching,  the  latter  purely  on  a  volun¬ 
tary  basis. 

The  Upjohn  Scholar  of  The  Endocrine  Society 

The  Council  of  The  Endocrine  Society  has  established  a  category  of 
Scholars.  These  grants  have  been  made  available  through  the  generosity  of 
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the  Upjohn  Company,  and  will  he  awarded  to  an  estahlisshed  invest i}j;at or 
or  teacher  in  the  field  of  endocrinology  who  wishes  to  extend  the  oppor¬ 
tunities  for  work  either  in  this  country  or  abroad. 

The  award  will  not  exceed  $2,000  annually  and  will  be  granted  on  the 
basis  of  proposals  sul)mitted  by  the  applicant.  Such  applications  should 
include  estimated  financial  needs.  The  funds  may  be  used  for  travel, 
maintenance  and  other  expenses. 

XOMIXATIOXS 

Nominations  for  the  Fred  Conrad  Koch  Award;  the  Ciba  Award;  and 
the  Ayerst  and  the  Scpiibb  Fellowships  may  be  made  by  any  member  of 
The  Endocrine  Society.  They  should  be  submitted  on  forms  which  may  be 
obtained  from  the  Office  of  the  Secretary,  1200  North  Walker  Street,  Okla¬ 
homa  City  3,  Oklahoma.  Completed  nominations  should  be  returned  to  the 
Secretary  not  later  than  October  15  each  year. 

Proposals  for  appointments  as  Scholars  of  The  Endocrine  Society  should 
l)e  made  in  writing  by  the  individual,  and  addressed  to  the  secretary  of 
the  Society.  They  should  be  submitted  by  October  15  each  year. 

The  Awards  Committee  will  meet  in  October  and  notice  of  awards  to  suc¬ 
cessful  nominees  and  applicants  will  be  made  not  later  than  December  1st. 

THE  WORC’ESTER  FOUNDATION  FOR 
EXPERIMENTAL  BIOLOGA' 

Shrewsbury,  Massachusetts 
with 

The  Department  of  Chemistry 
CL.VRK  UNIVERSITY,  Worcester,  Massachusetts 
and 

The  Department  of  Biochemistry,  College  of  Medicine 
UNIVERSITY  OF  UTAH,  Salt  Lake  City 

Announce  the  1901-1962  Session  of  the 

TRAINING  PROGRAM  FOR  STEROID  BIOCHEMISTRY 

Under  the  sponsorship  of  the  National  Cancer  Institute,  N.I.H., 
U.S.P.H.S.,  specialized  programs  have  been  established  in  Worcester  and 
Salt  Lake  City  to  train  investigators  in  the  theoretical  and  methodological 
aspects  of  the  biochemistry  of  steroids  and  related  compounds.  Each  pro¬ 
gram  includes  lectures,  planned  laboratory  work,  and  research. 

Postdoctoral  candidates  (M.D.  or  Ph.D.}  selected  for  admission  both 
at  Worcester  and  Utah  will  receive  stipends  of  $5,500  for  a  one-year  period. 
Predoctoral  candidates  (B.S.,  M.S.,  or  equivalent)  selected  for  admission 
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(only  at  Worcester)  will  receive  stipends  of  S1,S()()  for  a  six-month  period. 
Send  ituiuiries  and  reciuests  for  applications  to: 


Dr.  Kristen  Kik-Xes 
Department  of  Biochemistry 
College  of  Medicine 
University  of  Utah 
Salt  Lake  City,  Utah 


Dr.  William  H.  Xes 
Department  of  Chemistry 
Clark  University 
950  Main  Street 
Worcester,  Massachii.setts 


Classes  start  October  1,  1901 
hdnal  date  for  completion  of  application:  June  1,  1901 


INTERNATIONAL  NEUROVEGETATIVE  SYMPOSIUM 

The  Eleventh  Symposium  of  the  International  Society  of  Neurovegeta- 
tive  Hesearch  will  he  held  in  Turin,  Italy,  June  11-14,  1901.  The  two  chief 
themes  of  the  Symposium  will  he:  “Central  Nervous  System  Mechanisms 
and  the  Skin”  and  “Regulating  Mechanisms  in  Ohe.sity  and  Cachexia.” 
.Ml  correspondence  regarding  general  information  should  he  addressed  to: 
Professor  Dr.  Sturm,  Medizini.sche  u.  Nervenklinik,  der  Stadtischen 
Kranken-.Vnstalten,  Wuppertal-Barmen,  Germany. 


THE  NATIONAL  CANCER  INSTITUTE 

The  National  Cancer  Institute  publishes  monographs  presenting  .series 
of  papers  on  specific  .subjects  of  importance  to  cancer  research  and  pro¬ 
ceedings  of  conferences  and  symposia  dealing  with  cancer  and  closely  re¬ 
lated  re.search  fields. 

Four  Monographs  have  appeared  to  date:  No.  1,  “Estrogen-Induced 
Tumors  of  the  Kidney  in  the  Syrian  Hamster,”  December,  1959;  No.  2, 
“Symposium  on  Normal  and  .\bnormal  Differentiation  and  Development,” 
March,  1900;  No.  8,  “Conference  on  Experimental  Clinical  Cancer  Chemo¬ 
therapy,”  August,  1900;  and  No.  4,  “Sympo.sia — Tumor  Viruses,”  Sep¬ 
tember,  1900. 

Inve.stigators,  institutions,  or  sponsors  of  meetings  should  write  to  me 
for  information  concerning  submission  of  material.  Manuscripts  offered  for 
publication  as  a  National  Cancer  In.stitute  Monograph  should  conform  to 
the  instructions  to  authors  appearing  on  the  in.side  back  cover  of  the 
Journal  of  the  Xational  Cancer  Institute. 

.Michael  B.  Shimkin, 

Scientific  Editor 

Journal  of  the  Xational  Cancer  Institute 
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NINTH  POSTGKADUATK  (X)URSE 
DIABKTKS  AND  BASK'.  MIOTAIUILIC  PROBLEMS 

The  Course  will  he  held  in  the  auditorium  of  the  School  of  Medicine 
Louisiana  State  University,  New  Orleans,  Louisiana,  January  IS,  11)  and 
20,  1901.  The  Jung  Hotel  will  serve  as  headcjuarters. 

The  Committee  on  Professional  Kducation  of  the  American  Diabetes 
Association  is  responsible  for  the  Course  which  is  being  offered  in  coopera¬ 
tion  with  the  Schools  of  Medicine  of  Louisiana  State  University  and 
Tulane  U^niversity.  T.  S.  Danowski,  M.l).,  of  Pittsl)urgh,  is  Chairman  of 
the  Committee  and  Director  of  the  Course,  and  Daniel  W.  Hayes,  M.D., 
of  New  Orleans,  is  Chairman  of  the  Local  Committee. 

Additional  data  and  registration  forms  may  be  secured  from  the  Ameri¬ 
can  Diabetes  Association,  1  h'.ast  4.5th  Street,  New  York  17,  N.  V. 


THE  TORALD  SOLLMANN  AWARD  IN  PHARMA('()L()GY 

Wyeth  Laboratories  of  Philadelphia  has  established  the  Torald  Soll- 
mann  Award  in  Pharmacology  to  commemorate  the  pioneer  work  in 
America  of  Dr.  Torald  Sollmann  in  the  fields  of  pharmacological  investiga¬ 
tion  and  education. 

The  Torald  Sollmann  Award  of  S2,.500  and  an  appropriate  medal  will 
be  awarded  for  significant  contemporary  contribution  to  the  advancement 
and  extension  of  knowledge  in  the  field  of  pharmacology.  The  recipient  of 
the  Award  shall  be  determined  by  a  Torald  Sollmann  Award  Committee. 
The  members  of  the  Council  of  the  American  Society  for  Pharmacology 
and  Experimental  Therapeutics  shall  constitute  the  Torald  Sollmann 
Award  Committee. 

Nominations  for  the  Award  may  be  made  by  any  member  of  the  Society, 
but  no  member  may  nominate  more  than  one  candidate.  Nominations 
may  also  be  accepted  by  the  Committee  from  members  of  other  scientific 
associations  both  domestic  and  foreign.  Nominations,  manuscripts  or  re¬ 
prints  of  publications  of  the  candidate  covering  the  work  for  which  the 
nomination  is  made,  and  a  brief  biographical  sketch  of  the  candidate  must 
be  submitted  in  triplicate  to  the  Secretary  of  the  Society  to  be  forwarded 
to  the  Chairman  of  the  Torald  Sollmann  Award  Committee  not  later  than 
January  1.5  of  each  year  to  be  eligible  for  consideration  for  an  Award  during 
the  ensuing  year. 

The  fir.st  Torald  Sollmann  Award  in  Pharmacology  will  be  given  at  the 
lOfil  Fall  Meeting  of  the  Society  in  Roche.ster. 


NEW  BOOK  REGISTER 

Biochemistry  of  Human  Genetics.  Ciba  Foundation  Symposium.  Boston:  Little, 
Brown  and  Company. 

Cellular  .\spects  of  Immunity.  Ciba  Foundation  Symposium.  Boston:  Little,  Brown 
and  Company. 

Congenital  Malform.\tions.  Ciba  Foundation  Symposium.  Boston:  Little,  Brown 
and  Company. 

Significant  Trends  i.n  Medical  Research.  Ciba  Foundation  10th  .\nniversary  Sym¬ 
posium.  Boston:  Little,  Brown  and  Companj’. 

Mechanisms  in  Radiobiology,  Volume  II,  Multicellular  Organisms.  Edited  by  Maurice 
Errcra  and  .\rne  Forssberg.  New  York  and  London:  .\cademic  Press. 

Virus  Virulence  and  Pathogenicity.  Ciba  Foundation  Study  Group  No.  4.  Boston: 
Little,  Brown  and  Company. 

Cancer  of  the  Cervix.  Ciba  Foundation  Study  Group  No.  3.  Boston:  Little,  Brown 
and  Company. 

ZuR  Methodik  der  Roentgenstrahlen-Behandlung  bosartiger  Geschwulste. 
Karl-Heinz  Riessbeck.  Leipzig:  Veb  George  Thieme. 

The  Clinical  Use  of  Aldosterone  .\ntagonists.  Compiled  and  edited  by  Frederic  C. 
Bartter.  Springfield,  Illinois:  Charles  C  Thomas,  Publisher. 

(^UANTIT.ATIVE  PaPER  ChROM.\TOGRAPHY  OF  StEROIDS,  MeMOIRS  OF  THE  SOCIETY  FOR 
Endocrinology,  No.  8.  Edited  by  D.  Abelson  &  R.  V.  Brooks.  New  York:  Cam¬ 
bridge  University  Press. 

Disease  and  the  .\dvancement  of  Basic  Science.  Edited  by  Henry  K.  Beecher. 
Cambridgi*,  Massachusetts:  Harvard  l*niversity  Press. 

Reticuloendothelial  Structure  and  Function.  Edited  by  John  H.  Heller.  New 
York:  The  Ronald  Press  Company. 

Le  Traitement  par  la  vitamine  .V  de  l’  Avortement  Repetition.  O.  Roujansky. 
Paris:  L’E.xpansion  Scientifique  Francaise. 

Recent  .\dvances  in  Neuro-Physiological  Research.  Edited  by  D.  Ewen  Cameron 
and  Milton  Greenblatt.  Washington,  I).  C.:  Psychiatric  Research  Reports,  .\meri- 
can  Psychiatric  Association. 

Diabetes.  Edited  by  Robert  H.  Williams.  New  York:  Paul  B.  Hoeber,  Inc. 

The  Thyroid-Vitamin  .\ppro.\ch  to  Cholesterol  .\theromatosis  and  Chronic 
Disease.  Murray  Israel.  New  York:  The  George  Press,  Inc. 

Praktische  Endokrinologie.  .\.  Joresand  H.  Nowakowski.  Stuttgart:  George  Thieme 
Verlag. 

Scientific  Papers  and  Discussions.  Washington,  D.  C.:  Psychiatric  Research  Re¬ 
ports,  .\merican  Psychiatric  .\ssociation. 

The  Biosynthesis  and  Secretion  of  Adrenocortical  Steroids.  Biochemical  So¬ 
ciety  Sjmposia,  No.  18.  New  York:  Cambridge  University  Press. 

Sex  Differentiation  and  Development,  Memoirs  of  the  Society  for  Endocrinol¬ 
ogy  No.  7.  Edited  by  C.  R.  .\uston.  New  York:  Cambridge  University  Press. 

Medical  and  Biological  Research  in  Israel.  Edited  by  Moshe  Prywes.  Obtainable 
New  York:  Grune  &  Stratton,  Inc.  and  Jerusalem,  Israel:  Rubin  Mass. 

Thyroid-Gonad-.\drenal-Pituit.ary  Relationships,  Symposium.  New  Delhi:  Na¬ 
tional  Institute  of  Sciences  of  India. 

Obstetric.s.  J.  P.  Greenhill,  Philadelphia  and  London:  W.  B.  Saunders  Co. 
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